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Hudson at New Y ork, N 
tions which governed the planning of the between. W ashington 
and Fort Lee, known as George Washington Bri ge; and to fomeel the con- — 


and development of its design in seoneral, the organ: zation, progress, 


on a In view of the magnitude and | complexity « of the project, this” paper is 


be by a a series of papers: which “will deal, more in detail, 


the > various important phases of the pr project 


History, Lecistation, Fin 


The , bridging of the Hudson River at New ‘York is one of those civic: 
and engineering undertakings which for generations have attracted the 


mbitions and efforts of public- spirited men and of engineers, but the. develop- . i 


ment of which to the point of success must, on account of their “magnitude ?. 
the many ramifications, years and are attained “only after 


Credit for the ultimate ‘success, ‘is due not only to those who 

‘are so fortunate as to accomplish the execution, but as much, or more, - = 


pioneers Ww ho by their vision and courage have pointed the. 
whose ideas studies have prepared the ground for ‘the final 


might be ‘expected, the various attempts to bridge the Hudson, initiated | 


‘different interests and involving different conceptions, shave produced a 
wealth of varied ideas regarding the location of « crossings and their type and — 


OTE.—Discussion of this paper will be closed in November, 1932, ines ipa? t 
Chf. Engr., The Port of New York New 


| 
| 
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wee 
capacity, speak of the many diver ‘gent opinions 


~ While it is to be assumed that: the projects which have thus far mater ial- 7 
es owe their s success to some e outstanding merits, it is Raced undoubtedly true 


that it it would be to assign to any “particular project 
the e virtue | of, even passing, perfection and ‘completeness. Rogie oe 
In the fifty years since 1880, during which concrete efforts have been made — 
to bridge the Hudson River, conditions which would influence any ¢ of the 
"major questions s involved in this problem, have changed radically. 
a Traffic in New York City has increased materially i in volume and its center — 
of gravity with that of population and business, has_ moved ste: adily north. 
In the early attempts, the demand for rail traffic was dominant. Crossin 
vehicular traffic were searcely ever considered. Tunnels were thought 
be ‘impracticable even for rail ‘transportation.  To- day, any bridge across. the, 
Hudson River at New York must be viewed primarily as highway struc 


More severe demands are made to- day by navigation interests for « clear-— 


the War Department will permit nothing | less than 175 ft. in clear height. ae = 
The development of property and the ‘congested conditions on either side 
river also” impose such severe. limitations upon building 
bridges as to exclude them, practically, for any location in in the a 


— ‘There has also been a marked change i in the attitude of the niga yoni 


under a bridge across the ‘Hudson River, and it appears: certain: that 


7 ‘reflecting public opinion, with respect to the method of financing and carry- 


ing out such far- public improvements as crossings | over or under 


- ‘The history of bridging the Hudson River is necessarily interwoven with 


the broader developments regarding transportation in and around: the Port 
of New York, but in order to give the project: dealt with in- this paper its 


historic setting, it will suffice to review briefly” the various previo 
Projects of the New Yor k and New Jersey Bridge Company and In ial 


- ie by the Federal Government. —As early as 1868, the State of New 


7 


J ersey passed an Act authorizing | the New York and New J ersey Bridge | Com- 7/* 

“pany to build a bridge across the Hudson River at a suitable point north of 
the southerly line of the Township of Union. The “Act ‘permitted a ‘bridge 

— with « one or two piers in the river between the bulkhead lines - with clear open- 7 


ings 3 of not less than 1000 ft. and a « clear height « of 130 ft. at the ‘middle of 


: 

involved are so complex and so fraught with ramifications politically, 
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similar ‘company. for ts consolidation with New 
Company. The he New York ‘State Act, however, specifically excluded a pier 


In 1890, these ‘Companies. made application to the Federal Government 
for approval of the State. Acts and for ‘permission construct the bridge. 


> “They proposed to build a cantilever s structure with a central span of 2 300 ft. 


- between centers of towers, | or.a clear ¢ opening of o nly 2.000 ft. between n piers, 
the New Jersey pier to be located in the river about 900 ft. . riverward o of the 


pier- head line (see Fig. 1). The bridge was tentatively located at about 70th ; 
3 ‘Street, Manhattan, and to carry six r railroad. “tracks, It was to 


connected by an elevated approach w with a union ‘depot near 40th ‘Street and 
Broadway. T he cost of the bridge ° was estimated at $22 000 000. “ 


In support of this plan, the Bridge Companies® * argued that 
bridge ‘Spanning the River without a pier would 


magnitude as a hitherto untried engineering feat, ‘and time of ‘construction, — 
to say nothing of the well-founded prejudice against the ‘suspension’ prin- — 
ciple for railroad purposes, as would render the enterprise impracticable from 


‘On account of much oj opposition which arisen against the location m of 


any pier in the river and the controversy relative to the feasibility of a single 


‘span across the ‘iver, an Act was finally passed and approved | by the Federal 


nt in 1894, authorizing the New York and N New Jersey Companies _ 


. to build a bridge between 59th and 60th Street, New York City, but Seri 
therein the plans must be approved by the Shei: of WwW ar and also that 


the President of the United States should | appoint a Board, consisting | of five 
competent, ‘disinterested expert bridge engineers, of whom one must bea 


‘member, of the United States Corps" of En; ngineers, to recommend to the Secre- _ 


te ary War “what length of span, not less than 2000 ft., would be safe 


practicable f for a railroad bridge.”* 


Accordingly, a Board composed of the following engineers was appointed ; 


ee President Cleveland: William H. Burr, M. Am. Soe. C. E. and the late 
S. 1] Morison, F’ast- President, Am. Soe. CE, and Charles W. Raymond, 
G. L. Bouscaren, and Theodore Cooper, Members, Am. Soe. Cc. E. ita 
"The Seeretary of War had previously appointed a Board of Of of 
the United States Corps" of Engineers with instructions to “investigate and 


“report their conclusions as to the maximum length of span practicable for 


. ‘suspension | n bridges and consistent with an amount of traffic probably sufficient _— 
to warrant the “expense ¢ of construction.” 4 > This Board Ww as “composed of Col. 
Burr, AL (Retired) “(then Corps of Engineers, 


U.S. A), M. Am Soe. and the late Brig. Gen, William H. 


A. (Retired), M. Am. Soe. C. E., | (then, also, Captain, Corps of 


U.S. A. 8 and the late Maj. Charles W. 
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valuable and exhaustive information definitely of 
question of the feasibility of a ‘single » span across the Hudson River in New 
York and the adaptability | and economy of the suspension type for jong spans. 
‘The 1 reports also contain vs aluable and interesting statements and studies by 
Gustav Lindenthal, Hon. M. Am. Soe. C. E. ., and the late Charles Macdonald, 
Past- President, Am. Soe. C. E., » and Wilhelm Hildenbrand, M. Am. Soe. C. 


well as a theory of the stiffening girder by Professor J. -Melan. be 
‘The ‘report of the Board of Engineers closed with the: following 


ig 


“The only subject referred to your Board is ‘to recommend what length 
 } span not less than 2000 ft. would be safe and practicable for a railroad 
bridge to be constructed over the Hudson River between Fifty-ninth | — 
-ninth Streets. A single span from pier-head pier-head, built on 
either the cantilever or suspension principle, would be safe. The estimated 
‘cost of the 3100 foot clear-span cantilever being about twice that of the 
shorter span, your Board. consider themselves justified in pronouncing it 
‘impracticable on financial grounds. As the cost of the single span suspen- 
—= bridge is at most (not more than) one-third greater than that of the 

2000 ft. cantilever, your Board are unable to say that such | greater | ( 

enough to render the suspension bridge impracticable. 
_ “The Board have reached | this conclusion after careful. study, and they 
have’ thought it best to give the full course of reasoning which they have 

1§ followed. _ They feel that the contingency attending the construction of the 
_ deep- river foundation of the cantilever bridge, even waiving the absolute 
necessity of carrying this foundation to rock, is enough ” balane a part. t of 

the greater cost of the s suspension bridge. 

conclusion of this Board is that of a Bridge ngineers 
satin in a professional capacity. W hile from such professional view they 
must pronounce the suspension bridge practicable, they do not in this con- 
clusion: give an opinion on the financial practicability and id merit of either 


‘The conclusions « of the Board of E ngineer ae as endorsed by | ‘the 

" then Chief of Engineers, U. S. Army, Gen. Thomas L. Casey, were as follows: 

“The fond plans for work of such magnitude would only be adopted after — 


the most extended theoretical and experimental investigations, , and the esti-| 
mated cost would undoubtedly be much reduced by such studies. Assuming the 
most favorable location and the most competent engineering management, | 
the Board believe that $23 000000 is a reasonable estimate for a six-track | q 
railroad suspension bridge 3200 feet long, and they - consider cues 
: of traffic which such a_ bridge would accommodate sufficient to warrant the. 
expense of construction. | ‘They believe, however, that the bridge should be so_ 
-eonstructed that its capacity can be readily increased, and with the suspension ; 
‘system this can be provided for by giving suitable dimensions | to the towers 


Briefly, the conclusions are to the effect ‘that both the 2 2000-ft. cantilever 
“bridge, which requires a pier in in the river and the 3 3 200- ft. suspe nsion — 
without a center pier, are safe and not impracticable as to cost, 


that the latter type, in spite | of its eye span, Parca an cost materially 
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a result of ‘these findings, the See retary of W ‘ar of 


proposed cantilever structure with a a pier in the river. 

In the meantime the New York and } New Jersey ‘Bridge | Company had 
changed its plans and thereafter proposed a six- track “suspension bridge in 
_ the vicinity of 57th Street with a single river span a at an estimated cost of 
$25 000 000 for the bridge proper. number of wash borings were made for 


Company by the late Charles B. Brush M. Am. Soe. at both: the 71 st 


and 59th Street locations, but no construction work wa was s ever undertaken. 
“ The Project of the North Ri iver Bridge ( Company. —At a meeting of the 


Society in January, 1 , 1888, Mr. Linde nthal outlined his. carefully studied | plan | 
for a railroad” ‘suspension bridge across the Hudson River. was a remark-— 
ably bold and plan, calling for the first for a single span 


7 across the river, 2 850 ft. i in . length, and two side spans of 1500 ft. each, or — 
total length anchorages of 5 850 (Fig. 2). Tt provided | for six 
railroad tracks to be carried by four 48-in . cables, | brace in pairs to form 


rigid ‘suspended trusses, slightly cradled (Fig. 3 The cables were to be 
suspended from two pairs: of -octagonal- shaped steel towers, 525 ft. high, | of _ 


massive proportions. Subsequently, the plan was modified to provide for 
as many as fourteen tracks and a promenade, | and the span was increased to 


: 4 ‘The bridge proper was estimated to cost $16 000 000 and, with — 
facilities, $40 000 000. J A location in the vicinity of 10th Street, New York, — 


was at first selected, but this was later changed to the vicinity of 23d Street, 


publication of the plans caused widespread and favorable comment, 
and, , in 1890, the Federal Gover nment granted a charter to the North River 


Bridge Company, by passing an Act authorizing Mr. Lindenthal and his asso- Z 
: clates (among whom were such other well-known engineers as Samuel Rea, Hon. po 


Am. Soe. C. E., ‘Henry Filad, M. Am. Soe. C. and Mr. F. W. Roebling, 


‘none » of whom is now living), - to construct a widen * ‘for at least six x railroad — 
a with capacity for four additional | tracks for future enlargement, and | 


with a single span across the river between Pier- -head lines. ok. he charter a“ 


provided for the building of the necessary appr roaches and terminal 
= The plans for the bridge were approved by the Secretary of War, in December, | 


1891, who fixed the height at the center at J 150 


An attempt to build the bridge at that time failed, due evidently to 
financial stringency in 1893 and the consequent inability of the railroad com-— 

‘panies to. co- oper ate, this being easential for the success of a ‘railroad terminal — 


Another « effort: was n made i in 1900, when the a Railroad Com- 


ny invited the other railroads terminating on the west shore of the ‘Hudson — 
River to join in the building of the bridge; but these companies did not avail 


themselves of the opportunity and the Pennsylvania Railroad Company, hay- 


enter Manhattan by two single-track near ar 38d Street. 


Scientific American, May 23,1891, p.319. 
Transactions, Am. Soc. C. E., Vols. LXVIII and LXIX (1910). 
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b en encour: aged by the CX: umple of the P ennsylvania : ; 


Tie 


a ‘Railroad, and in co- o-operation | with the latter, the Hudson and Manhattan Rail- 


Toad” Company, in 1910, completed its two pairs of tubes connecting 
of the passenger stations on the New Jersey side with a down-town ter minal 


and with points along Sixth Avenue, as far north | as 3ed Street. 
suece ssful completion of these tubes for electrie rail traffic consti- 
a tuted a a setback to the possibilities of a ‘railroad bridge in that they estab- Zz 
_ lished beyond doubt the feasibility of tunnels for rail tr afc and obviated the 
for additional crossings for the time being. 


We The ‘phenomenal growth of vehicular traffic after the World War and he 
renewed efforts, more particularly on the part of the New York and New Jer- 
sey Port and Harbor Development Commission (later succeeded by the Port 


of New York Authority), improve rail terminal facilities New York, 
«gave | new encouragement the of a bridge to revive the N ‘River 
The plans for the proper and the terminal facilities were 
. The location had ‘upon permis- 


Crown 
Roadway 


42 Railroad |, 
 Tracksfor 
Rapid Transit 


sion by the ] Federal Government, been removec ed to the vicinity of 57th Street, 


Manhattan. | ‘The: bridge ] or oper was re- -designed for a capacity of twelve rail- 
road | and rapid transit tracks, tw enty lanes of vehicular and traffic, and 


two 15- ft. _promenades, with a t total width of the the double deck floor of 235 ft. 


Fig. 4). . The suspended system with a central span of 3240 ft. . remained 
essentially the same, except in its proportions and the substitution of eye- -bar | 
chains in the place o of wire cables. The towers" were designed as rigid steel q 
frames to be enveloped by | an an independent shell of masonry of massive -appear- 


ance. The bridge proper : and highway approaches were 


a 
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With 1 the assistance of Fi rancis Lee Stu: art, Past-P resident, Am. Soe. C. E., 


and in Ww vith ‘the we engineers of the various railroad companies, Mr. of 
‘focilities. The plan was 1s submitted to the J Port of New tek ‘Authority in 
1921, but the latter, while recognizing g the merits of the br idge as a highway — ga 
- proposition, could not see its way clear to” adopt it as a feature of its’ 
comprehensive plan in the solution of the freight terminal problem? 
1923, the North River Bridge Company submitted the revised plans to 
the W ar Department, proposing a clear height under the bridge at the 
of 175 ft. After lengthy consideration, the W Department on June 9, 193 1, lo 
' eens a decision that the clear height should not be less than 200 ft. at the 7 ‘J pe 
enter and 185 ft. at the pier-head 
The Bridge and Tunnel Commissions of New Fok and New 
Jersey and the Holland Vehicular Tunnel—In 1906, the Governors of New ic: 
York and New Jersey, acting under laws passed in that year by the respec- ' nu 
tive Legislatures, appointed Commissions, known as the Interstate Bridg 
Cor for tl of consider ‘or more. 
ommissions, or the purpose o consi ering @ the | construction of o one or more a : 
bridges over the Hudson River at the joint expense of the two St tates. _ These > 
Commissions collaborated in making : a careful study of various possible sites 
and in 1909 and 1910, reported favorably upon the bridge located at 179th ar € 
Street, opposite Fort Lee. he ‘report: of the New York C ommission of 1910 
rom the purely engineering point of view it is the most | 


crossing from Manhattan over the Hudson River that it is to 
a it being the narrowest part of the river, with comparatively small land damages’ 
on either side. The approaches over land are short, that from New York > 

veaching 179th Street over Fort Washington Park, and that from New 


Jersey over the proposed limits of Palisade Park. The foundation problems 
are not likely to be of great magnitude as far as can be judged in the absence 
of borings. — The rock is on the surface at Fort W ashington point, involving 
no foundation work whatever, beyond | levelling off the same. Further, the | 
-_ ghannel span need not, in our engineer’s opinion, be over 1 400 feet or there-_ 
abouts, which will give abundant passage for all river traffic, the north limit 
anchorage | for large vessels being below this crossing. This site has not been 
bored, but in eur | engineer’s opinion, from the apparent geological co aiition, 
10 million dollars will cover the cost of a bridge at this point for highway 
—and speed trolley service, being in their opinion one-third the cost of a bridge 


eal Subsequently, borings were undertaken at the 57th, 110th, and 1 179th Steet 


7 loe cations. — _ The assumption that piers could be placed i in the river at the 179th 


‘| Street site, and that. the foundation problems would not be of great magni- 
tude, was not supported by the results of these borings | and, with the prospect 


7 that a bridge at that point would | require a single span across the river, as 


‘elsewhere, the engineers of the - Commissions, the late A. P. Boller and Henry 


outside of pier lines, forcing the inevitable that 


ss 8 See statement by Eugenius H. Outerbridge, ‘Chairman, Port of New York Authority, 
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any bridge contemplated over the Hudson River within the limits of the City 
of New York must have at ast a single over the river between the 


tee same at any proposed 57th Street and 
— Street, the constructive cost of a bridge at any site will practically be the > 
ears such being the case your engineer is of the opinion that the final deter- 
mination of the bridge location should be guided by the line of greatest — 

atti travel and public convenience. While the cost of real estate and 
abutting damages will vary according to location, still it is believed that a 

a needs of the community served should be controlling within reasonable limits. 

Fs All things considered, it is the firm opinion of your engineer that a bridge 
located in the neighborhood of 59th Street will best conform to the needs of 
_ population density and requirements on both sides ‘of the rive er, and such | 


4 
the for a bridge “ Street. “seems to have been 


abandoned by the Interstate Bridge Commissions, and, in 1913, they recom- 
woe a bridge near 59th Stree t, a design for which had been prepared by | 


Pinks 


“Messrs. Boller and Hodge, and H. ©. Baird, M. Am. Soc. C. E. At the same 
time, Commissions reported favorably upon a vehicular. Canal 
Street t, which latter project had ‘investigated and_ recommended by 
Messrs. Jacobs and Davies, Consulting: ngineers, as being feasible and 


quite evident that t by th this time the need for more adequate 


for vehicular traffie had come to the foreground, and furnished new possibili- 


The Beginning of the World W ar delayed the undertaking ‘of either 


“project, ‘and only 1919, when the necessity for crossing became 
as a result of the rapidly growing vehicular traffic and activities | arising out. 

of the w ar, the > States of New York and New Jersey entered into a treaty for r a 

the construction of a vehicular tunnel by and through the New York Bridge 


and Tunnel Commission and the New. Jer Bridge and 


“outcome of “waa was “the completion, in. "1997, of the Holland 


Tunnel between Canal. Street, Manhattan and Jersey City, J. 
as evi- 


given ats on account the of the town, wher ere 

a crossing” could be of more immediate relief to vehicular traffic; and partly 


due to its : apparent lower cost, the tunnel having been estimated in. 1913 at 

"$11 000 000 and the bridge at 57th Street at $42 000 000. adele ae 
The design of the bridge by Messrs. Boller, ‘Hodge, and d Baird contem- 

plated a ¢ capacity of a ‘single deck, bee ft. wide, for eight rapid transit and 


trolley tracks, roadways, each 3 6 ft. wide, : and two sidewalks, each 8 ft. 


wide. The suspended truss type of was selected, each of four trusses” 
of a main eye- -bar eable stiffened a ‘secondary ¢ cable and the con- 


necting web ‘members. The central span was a assumed at 2 880 ft. center to 


center of towers and the clear height over the river at 170 ft. 
The Port of N ew w ork Authority and the Financing the George 


‘Washington Bridge. —Realizing the urgent need for additional crossings 
| 


“between the t two States, as brought ; about by the phenomenal growth of vehi-- 
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George of New ersey, 5, 192 3, a 
tion, in n which the; y stated, in part: 
in which they stated, inert: 
— of. the results of the conference between the two Governors was. 
that we favor the construction at the earliest possible moment of additional 
vehicular tunnels or bridges between the State of New York and the State of 
New Jersey to be determined upon, constructed and financed by the Port 
of New York Authority, and we stand ready to recommend to the Legislatures 7 
= legislation that will be helpful towards‘ the 


te December 5, 1923, ay public hearing on this subject was held by the 


‘Port 4 Authority. | . The sentiment expressed at this hearing was almost unani- 
_mous in favor of the building of interstate vehicular tunnels or bridges: by — 
‘the Port of New York Authority and, likewise, in favor of two o or more — 


vehicular tunnels, and a bridge at some point north of 128th Street, Man- 
hattan, There was substantial approval a highway bridge ata location 


In its report? - to the Governors of the two States in December, 1923, the | | 
Port Authority recommended that preliminary engineering : and 
and plans should be promptly ‘undertaken relating to such crossings. 7 


ig Substantial weight to the proposal for a bridge | at 179th Street was in 2 

® a report to the Port Authority of the Committee on Bs lan of New York and r 

‘Environs of the Russell Sage Foundation. Ina a subsequent publication’ 
hat ‘Committee outlined a plan for the bridge in which | a central span of 


y 700 a. with a pier approximately | 400 ft. beyond the w esterly pier- -head line, q 


tentatively assumed, 
Ina communication to the Port Authority in December, 1923, Governor 


a Siler, of New Jersey, transmitted to that body for its ‘consideration the study 
- ofa plan for a bridge at 179th Street which had been submitted to him | by the 
writer and which, based upon a carefully studied design (Fig. 5), and esti- 


mates of cost and ; revenue, indicated the financial feasibility of the project. 


In its essential features the writer’ s tentative plan substantially agrees with | 
the design eventually adopted for execution. bl It prov ided for a single span of 

8 400 ft. across ‘the ; river, with piers back of the } pier- -head lines, a capacity for A 

eight lanes of vehicular traffic, two sidewalks, and four rapid transit tracks, : 
and a a clear height of 200 ft. above the water. (See Fig. 6. Bs a The plan was — 
presented by the writer at the Annual anid of the Connecticut. Society of 

The 1925, 5, States of New York New Jersey passed legislation 
authorizing and empowering ‘the Port of New York Authority, in partial 
_effectuation of the’ comprehensive plan the ‘development of the Port of 
New ork, to ‘construct, ‘operate, and maintain a bridge across the Hudson 


River, from points between 170th Street and 185th. Street, Manhattan, « 


ately opposite thereto in Fort Lee, N. 

points approximate y opposite t 

we Annual Rept. of The Port of New York Authority, Janunny,.2 1024, at 
____7“Some Preliminary Suggestions for the Highway Congestion in New | ‘York, ‘ls 


* Proceedings, Connecticut Soc. of Civ. 1924. 
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_ living conditions, and the Port Authority shall be regarded as performing a Z 
governmental function in undertaking the said construction, maintenance, 
and operation and in carrying out the provisions of law relating to the said 

bridge and shall be required to pay no taxes or assessments upon any bed 


7 the property acquired by it for the construction, operation, and mai 
of such beige.” 
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Fic. Cross- SECTION, PROPOSED DESIGN ‘FOR, 179TH “STREET 


‘The Acts carried an appropriation of $100 000 from each State to 
the Port Authority to _ undertake the preliminary s surveys and studies. In the 
year, Congress also p assed an Act authorizing “Port Authority 
to build this bridge, subject to the approval of the W ar Department. ne _ 
al Work on preliminary studies was started in J uly 1925. _ A tentative e report 
on ‘the physical : and id financial feasibility | of the undertaking was sent to the 
Governors of the two States in ‘February, 1926, and thereupon the two pote - 
further legislation pledging to the Port Authority, in aid of the 
prompt: and economical construction of the bridge, the sum of $50 000 000 g 
from each State. The Legislatures also” voted an additional appropriation 
« $50 000 e each to permit the completion of the preliminary work, ie ern 
_ The statutes: provide that moneys s advanced by the States, together with | 
i “interest at the rate of 4%, a are to be repaid eventually by the Port Authority 7 
from the revenues and tolls 3 arising 0 out of the use of the bridge. The remainder - 


of the funds’ required for the ‘construction is to be raised by the Port 


Mislatures of the two States fully recog- 
ff} nized the fact, as stated in the Acts” that, 
__ “The construction. maintenance and operation of said bridge is in 
— 
ise. wide fal fal 10 6 Wide — 
— 
| 
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oye Having early in the : same ne year established the practicability and success 
of this method of financing in connection with the two interstate bridges. 
the Arthur Kill, the Port Authority in December, 1926, authorized 
for the Hudson River Bridge an issue of $60: 000 000, Port of New York Au- — 
thority, New 7 ork and New Jers ersey ‘Interstate Bridge Gold Bonds, $20 000 000 . 
of which were sold to a group of underwriters headed by the National 


City, ‘Company of New York. The 4% bonds “were sold to the public on 
the basis of an interest yield of 4. 2 per cent. They are secured by a first lien 


a sinking fund the revenues wilde: 25 to 30 y years. issue of 
41% bonds was sold by the Port Authority i in October, 1929 x when construc: 


The - plans 4 for the George W Jashington Bridge were submitted to the N ar 
Dep artment in December, 1926, ‘and, after a public hearing - conducted by Col. 
R. Ralston, U.S S. District Engineer, they were promptly approved by 
the Chief of Engineers, Major General Ragar Jadwin, M. Am. Soe. C. I 
and for the War ‘Department b the ‘Hon. ‘Hanford 

= 


AND TRAFFIC Sirvation, AND THE 


mile the State Acts s specified | the general location « of the the Port 
Authority: considered it essential to determine by. careful investigation whether. 
— crossing in that locality was needed and economically justified. - The ‘State 
Acts, _ moreover, left entire freedom in the determination of t the kind and a 
volume of traffic which the bridge w was to accommodate. These qu questions could 
be answered only on the basis of a thorough survey of existing and prospective | 


reviewing the economic and traffic situation it must be key pt i in 2 in 


> 


view of earlier conclusions reached relative to the most advantageous location 


of a bridge, that, within the past few decades, large centers of population have | 
up in the northern part of Manhattan, the Borough of the 


from the congested centers. mere prospect 


of the bridge ‘stimulated tremendous activities in the development . of those 


areas years in advance of its completion. There are in Northern New ‘Jersey 
also important industrial centers (Fig. 7), as Paterson, Passaic, Hackensack, 


ete., which have developed a rapidly growing volume of commercial traffic to. 


If the developments may be taken as an indication of social and economic 
demands of the population, and if resulting appreciation in value of real 
- estate alone in in 1 the territory contiguous to the bridge, even to date (193% 2), may 
 ¢€ taken as a measure of economic benefit to the people, then the bridge has" 


more than for itself _and has demonstrated, in ‘the broadest. 
t this 
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rapid accession in values, although n largely s stimulated by the wave of | pros- 
perity (1922-1929) plainly indicates the need and justification for additional 


Of course, the Port Authorit “could not de end on s yeculative or even. 


assured increase in property values or other benefits to the people; its _justifi- . 


cation fc for the construction and investment of the capital had to be based 


solely upon the prospective revenue from reasonable toll charges. 
In passing upon the justification | of the | location | of a crossing 
= it must also be considered that the most urgent need for more adequate 


means of cross crossing g the river in the down-town section of Manhattan was at that 


te in prospect of being met there by the impending completion in 1927 of 


‘The traffic studies. of the Port Authority and others revealed indeed the 


urgent necessity and justification ¢ of a crossing between Upper 1 Manhattan “a a 
‘Northern New Jersey to take care of the rapidly growing vehicular traffic | 
across the river in that ° vicinity and to relieve the situation growing out of — 


the imadequacy of ferry | transportation. ~The anticipated traffic developments 
have since been realized beyond expectation, as will be soem from the recorded 


Besides meeting local traffic demands, it was reco nized that the bridge 


would form an important link the arterial highway system in the 
‘States ; and beyond. W hile the bridge accommodates principally traffic between 


Northern New Jersey and New York State | west of the Hudson a and New 
York: City, it also serves traffic from Southern Ne ew Jersey, ‘the Atlantic sea- 
- board, and Eastern Pennsylvania, to points in New York State east of ‘the 


river, New and Canada. — -distance traffic | thus av avoids pase- 


Washington n Bridge a across s the Harlem enipel and 


artery | betw een Northern New Jersey and Long Island. 
sy The traffic studies indicated clearly that the revenue from vehicular traffic i 
vould be sufficient to cover operating charges, interest, and amortiza- 


of ‘traffic across the Hudson River were made by the Port 


4 Authority for. each from 1924 to 1960, a period of thirty- seven 


me ‘of vehicles and ‘their ¢ origin cal destination during the | aver erage and peak 

‘months of traffic on the seventeen Hudson River ferries between the Battery, 
New York City, and Tarrytown, N. Y., in 1925. Keenan 

The Holland Tunnel was; opened to traffic on “November 18, 1997. Its 

"probable effect had to be taken into consideration in estimating the traffic 
7 = across the George WwW ‘ashington Bridge. Or the other h hand, due all allowance was 

justified for trafic that. t would be generated by the development of the terri-- 


contiguous to the bridge and of County Careful 


— 
fer A 
rec 
— 
— 
Gost 
ov 
ae 
— th 
q 
4 
tl 
— on 
— 
» 
= 
— 
4 
4 
— T 
— 
— 
— 
— 
pail-passenger trathe tar in excess ot that required tor manv vears atter 1e 
r ‘ a a t 
ia 


were of the River traffic in subsequent years, and 
by additional counts in 1929, a review of 


studies for the proposed Midtown 


able 1. “gives, for a number of years, ‘the volume of traffic 
across the Hudson River from the Battery, in New Y ork ‘City, to Tarrytown, 
- and the vc volume that would be ‘diverted to the bridge, as forecast | in ae. 
the time when the first bond issue was sold. ay 
In comparison, the recorded actual volume of trans- Hiudson vehicular 
fie is shown for a number r of years from. 1920 to 1930. Tt: is significant that, 
despite the general economic depression which set in in 1929 and continued 
through this traffic increased a about 25% within those t two years and 
‘nearly 100% within the five years - from 1925 to 1930, or ata rate almost twice 
as fast as that forecast in 1926. The increase was most rapid at the crossings | 
at and north of 492d Street, the Tegion which the George Washington Bridge | 
will serve most ‘directly. Furthermore, the increase in population | and motor- 
- vehicle registration has hens particularly rapid in the te territories lying nearest 
‘the bridge. Population” increased 3% in The’ Bronx, 82% in W estchester 
County, and 82% in . Bergen County, during the ten-ye ear from 1920 
: 1930, as compared to the (29% total i increase for the Metropolitan District. 


In the 5- -year period betwe m 1924 and 1929, motor-vehicle registrations for 


Millions of Vehicles _ 


| 

= 


1 


Bronx, Westchester County, and Bergen County increased 95%, 87%, and 
172%, respectively, compared to 77 the Metropolitan ‘District a Las a a 


P - view of | these » developments—and « even taking into account the effect 
w hich the proposed Midtown Hudson Tunnel in the vicinity of 38th Street, 

: | Manhattan, w ould have upon the flow of traffic over the George Washington 
Bridge (see Fig. 8)— —it may be confidently expected that the traffic across 
the latter will exceed the figures forecast in 1926. This is reflected in the 

1930 forecast of traffic, across the Hudson River and ACTOSS the bridge as 


shown ‘the last two columns o of Table 1 tint 
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TABLE AND EsTIMATED: ‘VEHICULAR TRAFFIC Across 


River rrom THE Barrery, New Crry, tro Tarrytown, N.Y 
TRAFFIC Across GEORGE EW ASHINGTON Bringer. <ul 


1926 forec 1026 forecastof |. vehicles across |number of vehicles 
of number of vehicles|Recorded number! Hudson River, |to cross on George 
number o vehicles|to cross on George| Of vehicles across considering effect |_| Washington 
across Washington Hudson River | of opening of |Bridge considering 


Tunnel, in 1987 Hudson Tunnel 
pew 


| 660 000 | 
11 890 000 | 
570 000 
740 000 
16 090 000 
20-720 000 


_ Based upon the 1926 forecast of traffic and an average toll rate of 50 cents A 
per vehicle (which is a fair approximation of the average rates charged on 
the ferries i in the > vicinity of the bridge), and 5 cents per passenger in 1 vehicles, 
exclusive of driver, the annual net revenue was estimated to increase from i. 
minimum of $5 250 000 in 1932, the first year of operation, and to be sufficient — ¢ 
Baa a substantial surplus to meet | interest and sinking-fund payments, during — 
a | period of amortization of about tw venty- five years, as well as refund with» 


interest to the t two States « of the advanced by the 


Passenger automobiles; horse-drawn vehicles (2 axles) .. 
al Passenger ‘automobiles and two-wheel trailers (3. axles)... 
_ Trucks up to and including 2 tons capacity (2 axles)... i 50 
Be 
‘ _ Trucks of of more than 2 tons al and ‘including 5 t 5 tons ae —— J 
of more than 5 tons capacity axles)... .00 A 
Tractor and trailer; truck, 6 wheels (6 wheels and 3 VF 
axles) . 1.25 


Traetor and trailer; truck and trailer (8 wheels ‘and ae 


Bowes, 


Buses, 6 wheels. . 
raffic Capacity of Bridge. —Based on the estimated traffic figures | and 
lane per peak hour of 1400 vehicles « n the bridge yp proper, 
_ was estimated that the vehicular traffic for the first five years could be accom- 
modated conveniently ‘it probably will 
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necessary to increase the capacity. While it it is ‘not expected that 
bridge would eventually carry a traffic in excess” 20 000 vehicles, it 
4 was considered advisable to provide for ample margin by. the doubling of. 
the ‘initial capacity, w hich would be sufficient to accommodate : at 
4 25 000 000 vehicles annually. Moreover, additional roadway 
¥ make it possible to segreg: ate slow and fast 1 t moving traffic and thus permit 
greater speed, safety, and convenience of travel. 
While: the predominant necessity of the bridge for vehicular trafiie was 
- recognized, the possibility that it might be of service to rail passenger traffic. 
4 was given careful consideration. ith present- -day tendencies: to transport 
: people in automobles and buses, ‘that mode can be relied » upon to take care 
Cs of whatever demand — there will be for passenger ‘transportation across this 
bridge for a number of years. — There can be little doubt, however, that with 


he of a large population the bridge the more > effi- 


a necessity. Whether, and this ‘trai is to | be ‘carried. over the 
7 bridge i is yet a subject for study by the proper transit au authori ities in the two 


The studies of the Port! s Staff ‘indicated that the prospective 
volume of traffic fully warranted the comparatively small expenditure which 

was necessary to provide for four rapid transit tracks on the bridge, and 

provision, therefore, was m made in the design. It is believed that 
is ample and all: that that may be “reasonably justified ‘at the present 


ToPoGRAPHICAL Conpitions, Surveys, AND 


fav orable conditions for a bridge situated the limits defined i in the 
Legislative Acts. The ¢ ‘ground on both sides is high; that on the New Jersey 
side reaches, | at the top of the Palisades, only about: 500° %.. from the shore 
line, an | elev: ation of about 280 ft. (Fig. 9), ¢ and that o on the New Be ork. side 
ae rises, on the WwW ashington Hei ghts ridge, to’ a gener: al elevation ‘of about 
3 00 ft. approxim: ately 1.000 ft. from shore (Fig. his of com- | 
pt arative ‘ly short, inex xpensive ¢ appr e, the loca- 
in the iat vicinity does not involve of highly ‘improved 
An elevation of the upper roadway ay ‘on the bridge, of about 240 ft., lea aving | 
200 ft. clear height under the bridge, therefore, conformed with the general 
: topography and incidentally provided an ample clearance for all shipping » tha 
As likely ever er to pass pass under it. " 
A glance at. Fig. 24, introduced subsequently, indicates" that obviously, « on 
"account of the : narrowing of the 1 river, . the location of the bridge at the ex 


treme point of Fort ais se is te most favorable one, requiring the 


= 6 the main structure and the option; and reliable estimates of cost, it was 
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essential to undertake an accurate preliminary | topographical survey of the 


vicinity, including a triangulation across the rive ry and borings to estab-_ 


‘Tish the ‘subsurface conditions, more the to rock. 


_ Sixteen borings, all carried ¥ well into the s solid bed-rock, were made _ in 
1925 at three tentatively selected locations, namely, in the vicinity of 181st_ 
Street, 179th Street, and 175th Street, “Manhattan, respectively. At all three 
locations solid rock was found near the westerly pier-head line at depths" 

ranging from. 115 to 170 ft., with the surface of the “rock: falling sharply 
_ toward the river. a In the borings made 500 ft. and more beyond the westerly 
pier- head line and carried | to a depth of 200 ft, only” silt was encountered. 


‘the New Y ork side the solid rock bed ed forms the shore, but its 


of ‘of bridge piers piers must, and can, 


be placed between the pier- -head lines and the shore, or on the shore. Pre 


liminary and comparative plans and estimates were based on the results sof 7 


these borings, and they the superior economy the selected 
As soon as the plans for the were in 1996, thirty 
——_—— borings were undertaken at the selected site of the New Jersey 
Tower. These borings were recorded on a glass model ‘and revealed a surface 

‘of rock with a fairly ‘uniform general | slope of about 30° falling tow ward the 
‘river, but with | contours practically parallel to the shore, and with : a depth, — 

within area of the pier foundation, ranging from about 35 ft. at the 

southwest corner toa maximum of 75 ft. in the northeast corner. 


fac. While the results of the final borings indicated the feasibility of shifting | 


the assumed pier location s slightly toward the river - to 2 a depth to rock of about 
100 ft., and thus shortening r the : span, this was not considered adv isable, 1 nor 


of any material benefit. On ‘the contrary, , the fact that the maximum depth 

to rock was only 75 ft. and the a average depth less than 50 ft. made it appear | 

~ feasible to build the foundation within an open coffer-dam. 7 This method of — 

foundation was adopted upon recommendation of Daniel E. Moran, M. Am.— 


S. , Consulting Engineer on Foundations, in 1 competition with the 
pneumatic process which, to that time, had the most 


— 


4 The borings: also" indicated, and subsequent exposure of the 


_ confirmed, a mostly hard and compact rock structure and an absence of open | 


seams and large boulders’ which might | have made the open coffer- -dam method 


_ very diet borings were made also at the sites ot the tower and anchor- , 

age on the New York side, and they confirmed the ‘assumption that. both 
structures would rest on a solid bed « of Hudson 


— 
— 
These borings confirmed the assumption that, between the pier-head lines 
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Fig. 9.—“PALISADES CLIFFS,” 300 FEET HIGH, ON SITE OF BRIDGE, ON THEO 


s,” MorE THAN 200 Freer Hicu, 
ON MANHATTAN SIDE. ies 
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of the exposed rock forming the Palisades indicated, as was sini 
confirmed the excavation, ‘that extremely hard and compact mass of 


sential to establish, beyond doubt, that the v various 
rock strata sound geologically and of sufficient ‘strength, solidity, 
stability to sustain safely and durably the great loads be imposed upon 
them or, » in sehen of the ‘Palisades t1 trap, to resist the enormous pull of the 
A “very exhaustive study, based on the borings and examination | of the 
rock exposed on the | surface and, subsequently, i in the excavation, was cox | 


by Charles F. Berkey, M. Am. Soe. C. E., who was ret tained as Consulting - 
Dr. Berkey constructed diagram ig. 12) showing the relation 


Palisade 


Mantattan Sch ist 


(12.— ‘TION AT ‘SITE oF GEORGE WASHINGTON BRIDGE. 


of the various geological formations at the. bridge site. This diagram which 
ij _ distorted 1 vertically, indicates a river gorge, filled w vith silt and boulders, 


perhaps | more than 400 ft. deep, and ; reaching shaves te the previously unex- 


‘plored ancient crystalline rock floor. 


_ Overlying this floor on the New Jersey side, ‘there is. a bed, known 1 as: 
“Newark” formation (see. Fig. 13), on which the New Jersey 


It is of origin and is ‘composed of a series of and 

- shales of greatly "varying strength and structure. (Compression tests of the 
a _ cores showed a variation in strength of 3000 to 24 000 Ib. ‘per sq. in. with a _ 
probable average of the entire me underlying the tower base, of between — 

12 000 and 15 000 Ib. per sq. in., or more than thirty times the maximum 

4 edge } pressure of the tower base). 
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Me The borings indicated that the beds ar 
By of 10 to 15 ° from their original horizontal position, and that any ‘tip toward 
‘the west beneath the Palisades. This favorable condition 


in so far 


‘This condition was” confirmed by subsequent examination of. the actual 
¢ rock surface after it was exposed by excavation of the overlying loose material 
within the co coffer- dam. The exposure of the rock surface also revealed (as 
was to be expected), a very jagged | surface with sharp steps falling off toward 
- the east. ti This condition undoubtedly has been caused by the erosion of the 
softer bode between the harder ones. — It also has proved to be favorable for 
4 the tower foundation i in that it obviated the cutting of artificial steps in the 
rock, which otherwise might have been necessary in order to avoid any ten- 
_ dency of the tower to slide on the rock surface toward the river. In fact, ; 
the surface of the solid rock, after removal of all loose and disintegrated a 
bond with the concrete base, that it was 
deemed unnecessary to remove any part of the solid rock. 
| = The: e exposed rock upon which the tower base rests, proved to to be predomi- 
“nantly o of the hard, coarse, sandstone type which has more than ‘ample m margin 
Palisades trap, in which the New Je ersey “anchorage is embedded, 
overlies the Newark formation. forecast by the geologist it proved—in_ 
the excavation for the 40-ft. approach cut and for the anchorage tunnels 
reaching down 250 ft.—to be a compact mass of hard diabase, an igneous 
rock © of volcanic ‘origin | (Fig. 14). _ Only near the surface, as a result 
long exposure, since t the “Glacial A Age, is it found to seamy and 
the ledges exposed on the New shore of the type known as 
‘Manhattan schist, a crystalline micaceous rock forming most of Manhattan 
—_ At the site of both the tower (Fig. 15), and the anchorage (Fig. 16), . 


of : zones have given "considerable 


Typ P or Brice Span or Marin Structure 
‘Topographical geological conditions indicating clearly the 


of support, it was a comparatively ‘simple task to determine the “1 and 


eneral span arrangement of the main structure. 


Bi It t was: menage? in order to reduce the river span to an economical — 


which is also ea to the United States pier-head line and from which the 
_ bare rock surface falls off steeply. For reasons already mentioned, | a pier on. 


the New J ersey side had to be located about 200 ft. back ‘of the 1 pier- -head 


line, thus fixing the river span at 3500 ft. 


= great span has given rise t to criticism that it was extravagant, and 
that a more ‘economical structure was feasible and permissible by 3 snoving ‘the 
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a considerable distance from the. shore, “although the surface falls off 
depth of more than 200 ft. at that point. 
— Without ‘regard to the possible | adverse effect on shipping by a pier in 


ee river, and without allow: ance for the hazards and uncertain cost and time 


of ' construction i involved in building a suitable pier foundation to such great — 


depth, a conservative analysis of « cost should convince any one that the 
__ adopted | span arrangement is the most economical under the g given conditions, 
_ _In an endeavor to to determine the effect which the shifting of the New 


Jersey would have on the cost of the entire structure the writer dis- 


-eovered that for the ‘slope of the rock surface as. found, the saving which > 
could be effected in the superstructure by decreasing the central span was 

by the increased cost of the de eper found: ation. This com-— 


be favorable, however r, to” the greater “span if the: 


at a ‘much 


There appears to be a widespread, but un varranted, impression in the 

minds of « engineers and others that length of s span is the predominant factor 
_ in the economy of a large bridge; whereas, in many cases, such as that of the 


a George W ashington 1 Bridge, a careful and rational analysis of conditions and ‘ 
costs would indicate that length of central s span is a lesser factor. 
it was also quite obvious that the face of the solid Palisades cliffs, about 
650 ft. westerly of the New Jersey pier, fixed the location n of an abutment or 
anchorage -c of a suspension ‘bridge. The high rocky ground in Fort Wash- 
“ington Park, on the } » New York side, offered located, but 
quite as favorable, point for an anchorage on that side. — This location of a 
hugh abutment brought forward well-intentioned misgivings on the part of 
those interested in the preservation of public parks, and a demand was made 1 
that the abutment be e moved to the still higher ground | easterly. of Riverside 
+The demonstration that the use ¢ of Fort Washington Park would ‘not be 
materially impaired, that a more easterly location of. the anchorage would 
result in| much longer ‘side spar n, with consequent -dissymmetry of the main 
strueture, and deep, conspicuous, stiffening trusses the Park end River-_ 
side Drive (which would be much more objectionable. from the esthetic point 
of view than a well-designed massive anchorage and arch structure 0 over the — i 
_ Drive, and would add millions to the cost), finally. appeased the opponents and 
secured the approval of the City Government to the proposed arrangement. 
. Sal “he great central span and the possibility of the construction of solid, 
comparatively it inexpensive, cable anchorages should force any student 
the e economies of long-span bridges to the conclusion that a rationally designed 
suspension bridge would be economically ‘superior: to any other conceivable 


type, not considering its supe rior xsthetic merits in 1 that particular Jandseape. 
might not have been and it is “quite evident that even J 


different types for long spans. Ended, if the: many are compared, 
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Bes from time to 
at New York, or across s other wide navigable streams, a perplexing diversity , 
. of conceptions is found of the best nee for such a long span. See Figs. 


ay The , cantilever, pure or hybrid, “may be dismissed as a possibility by 
a referring to the exhaustive e investigations of. the War ‘Department in 1894, 


as referred to in The structure then by the 


7 that even for ‘a central : span of 3200 ft. the suspension type would not be 


pension bi of a type shown in Fig. 18(a), Board of found | 


in favor of suspension The superiority | of 
the suspension over the arch, both economically sthetically, 
less ‘obvious, | and the site of the George WwW ashington Bridge, e, with its solid 
ro cky shores, might invite an investigation of the latter type. _ . The compari- 
- of an arch with a span of 1 685 ft. over the Kill van Kull i in 1928 proved 
this is ty. pe e to be more e economical than that which 1 was. considered an equivalent ; 
suspension bridge with a central span of 1522 Ts , largely because of ex expensive on 
anchorages" required by the latter on account of the low level of the ground. — 
At Fort Le ee, both arch abutments would have to be set several hundred feet 
bae of the location “suspension bridge towers—on the New York 
side to satisfy clearance requirements for shipping, | on the New Jersey side . 


to find solid rock nearer the surface—and the span of an arch would thus 


become | close to 4000 ft. This, with the ‘relatively inexpensive cable anchor- 


: ages on account ¢ of the high rocky ground and the increasing economy of a i 7 
suspended structure w with increasing span, should leave no doubt of the 
superiority y of the suspension type at rt Lee. 


ioe the suspension type by Mr. Lindel. In 
present-d day conceptions in design there ean be little doubt that such an 

ve arch would be. very much more expensive q and a great mass of steel at — 
height of about 600 ft. above water level would not be as attractive in appear- 

as a graceful suspension bridge, ‘provided the latter is without clumsy 


stiffening trusses, such as were embodied in 1 several of the early designs for _ 


_ All later designs show preference for the suspension type. &F or a span 


of 3 3 500 ft, and under conditions permitting a relatively light stiffening 

system and inexpensive anchorages, as in the case of the George ‘Washington 


Bridge at Fort Lee, the s suspension type far more 


nomical: than any 0 other type 


— — 
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+ From time to | time there have been proposed and likewise found tinge a 
‘tion, combinations of the pure ‘suspension type and other types. Whatever 


may y be the: claims of scientific or economic merits of such hybrid types 


x Papers 


( 


te spans where they form interesting ‘structural creations, 


‘not advanced beyond proposals, the field of long spans. Even Mr. John 
' AL Roebling, troubled by the problem of finding means to provide sufficient — 
‘rigidity, seriously considered a combination of a rigid truss with -sospended 
cables, but good common sense finally him to the simple suspension 
design» so admirably illustrated by the Brooklyn Bridge. 
19(a) shows an interesting design of a combination arch and sus 
pension type, proposed in 1927 by Professor Gregory G. Krivoschein, 
Prague, Czecho- Slovakia, to fit the location of the George W ashington Bridge : 
with a span of 3500 ft. A combination of rigid cantilever truss with sus- ‘s _ 
pended -eables and span of 3900 ft. is illustrated in a study: made in 1924 


by the late Professor” W. Schachenmeier, of Munich, Germany, to fit the 


location of a bridge across the Hudson River near 57th Street, ‘Manhattan. - 


ee — Maximum Feasible Spans.— The unprecedented length of s span n of 3 500. ft. 


; being exactly twice the longest: suspension span in existence has given rise 


to the question on the part a as to whether the building of this 


Engineers’ familiar with the design and construction bridges 
have pointed out from time to time that the feasibility of building a bridge — 
of a span as | long as 3 500 ft. and more, is essentially a question of economy, a 
and that the span length | and size latever to 


e of a bridge has nothing whatever 


with its safety, either | during erection or after completion. 
ag ‘he feasible limit of span is reached when the metal required to carry. 3) 


a given load becomes sneer in cost and not because the safety i is fomeerl ‘ 


19.—RECENT STUDIES FOR A BRIDGE ACROSS THE HupsaoN Riven. __ 


determined for the safe ‘of any given wind, load pone 


Tn the aforementioned investigation in 1894 by t the Board of Engineer 


FS Office ers, 4 335 ft. was found, upon conservative assumptions, to be “the maxi an 
“span practicable from the engineering point of view. 


In acordance with present-day accepted views regarding the proportioning — 
- of stiffening trusses in long spans, the for mula used by that Board results 


in greatly excessive weights of these trusses, and of the cables" and towers 
which have to carry them. Furthermore, then permissible stress in the wire 
at only 60 000 Ib. per. sq. i in. 1., whereas | with materi al of 
240 000- Ib. strength: available to-d day, and for very long spans, a permissible _ 


of 90 000, or 100 000 ‘per sq. in, would be entirely safe. In the Hight, 
‘sp: 


f these facts it may be demonstrated ag that a modern dyes of 10 000 wall 


2. 
. of the lack of structural simplicity and clearness of function of such incon- Bey 
= 
8 
= 
i 
+ 
i 
7 
— 


~ 


carry any -appreciz iable in addition their own n weight. ~The 


of span 1 for a cable. to carry itself i is, of course, ‘much greater. 
Conception Type of Suspension System. —Thus, while | the type of. | 
ence 


; bridge and its S span arrangement logically for ced themselves upon the designer, 

che was. yet confronted with the n more “complex and controv ersial questions of 

electing the ‘appropriate form proportions the suspension system. their 


the system and its proportions were structural simplicity, maximum 


re: _ The first of these criteria led to the : tools which is unquestionably the | 


In the case of ‘the | George Washington Bridge, the controlling | criteria in 


« 
— The great number of different. systems which have been proposed and applied, ‘mass 

indicate a wide diversity of conceptions and practices in respect to these 4 
questions. Figs. 17, 18, and 19 show only” a few systems, those variously 
for a bridge across the River, at New Y ork © ity. | 
> 


simplest in its structural det tails, as well as for erection, namely, the plain 
cable with parallel chord ‘stiffening trusses along the floor; but this s 
_ whether the trusses be three-hinged as in the design: of the Board of “Engi- 
(Fig. 18(a)), or two-hinged as in most of the modern ‘suspension «gra 

bridges, o or continuous through the towers, as in the design 0 of. Mr. George S. 
Morison (Fig. —18(d)), or cantilevers, in the study Professor W. 
Schachenmeier (Fig. 19(6)), is not economical in a long span, nor in 
_formity with the writer’s: conception of of a graceful s structure, if, as in some floc 
of the: designs, the stiffening trusses are made very deep. 
Furthermore, it is not necessary, in accordance with» more recent views, 
to provide deep and rigid trusses a long heavy span, and, particularly 
when the side spans are relatively short and the dead load relatively ; great, as 7 ~~ 
‘the cos case of the George Washington Bridge. 
ae, Extensive studies of the relative ‘rigidity of sii similar structures a 


be havior ‘under actual conditions, ; and calculations of the degree of rigidity 
“to be obtained i in the selected system, led the writer to determine finally upon 


° 


_ 4 a very shallow and flexible truss, which not only resulted int far- iaerormedl A 

economy, but also effected a light" and graceful appearance Fig. 19(d)). 

4 ‘Incidentally, by keeping the» top chords of the stiffening trusses in the plane ch 

of the upper or roadway floor, obstruction by these t trusses of the splendid — é 

view of the landscape that will be had from the roadway was avoided. areens - 

Where a considerable degree of. rigidity. is required, the trussed system, 


as by Mr. Lindenthal and 18(a)) and ite a 4 


“a ‘Ge mere are economical far as is but the erection 
of such suspended t trusses unquestionably inv olves difficult and expensive 
operations and partly offsets the economy in ‘material. Furthermore, it 
in a large bridge, built by public agency, it is ‘essential that the n 
possible competition be assured for all important parts of the structure, and 


h eciei Bridge lent it 


— 


self ‘equally 
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the use of wire cables and eye- was, 
factor in its adoption, and proved to be e of decided advantage. 


a of the English suspension ‘their general = 
their flat catenary, light, graceful, sus truc 
massive e and, therefore, ‘monumental towers. 
give the system g ‘rigidity. ‘This by) various” 
more or less efficient expedients, | ‘such as inclined stays, connecting t the a 
. directly with the top of : the towers or ¢ other fixed points, by stiffening t — 
ia placed along the floor or by | ‘stiffening systems attached to the cables them- 


selves. I In some cases the cable has even been combined with an upright 


rigid arch or with a cantilever truss. 8. 
ory It is significant, however, that after nearly a century of efforts to_ | devise 
introduce novel forms of ‘suspension systems, hybrids between the 
_ suspension type and other types, engineers have, in designing the longest y 
modern suspension bridges, returned or adhered to the simple, naturally 
cena whic th are characteristic of the early bridges of this is type. —_— 
THE Fioor Structure, Stirreninc Trusses, AND WINp- Brace 
Consideration of the traffic requirements, the conception of the stiffening 
system, and the arrangement of the four ¢ cables in pairs on _ each side of the 
: floor, , Ted t to a structurally and ‘statically simple arrangement of the floor 
suspended from the cables (Fig. 20). 
An upper floor is designed to accommodate at least eight lanes of vehicular a 
traffic. Beneath it, and connected to it by rigid floor frames, isa lower deck 
designed to carry at least four tracks for heavy rapid- transit, traffic; or this 


deck may b be utilized for additional vehicular lanes ir in case that ‘should ever” 


A shallow stiffening truss with chords on nly 29 ft. apart _ vertically is s placed» 
- on each side of the floor system in the > plane of tl the cables and ‘suspenders. — 


A single, relatively flexible, horizontal wind truss is arrangec od in the plane 


5 of the upper deck, the upper chords: of the stiffening trusses forming the 


= this horizontal wind t truss. The wind forces acting on the lower — 
deck are transmitted to this wind truss through the rigid pape 


_ In a preliminary design the floor frame was conceived as an inverted U, 
with brackets cantilevering out from the vertical posts on both sides (Fig. 6). 
‘arrangement was eventually abandoned in favor of the somewhat simpler 
only slightly more expensive closed frame carrying all tracks inside the 


2: posts. _ This entire floor structure is designed so that the lower deck, together 


with the webs and bottom chords of the stiffening trusses, could be omitted 
: initially and added in a very ‘simple manner at any time in the future when 4% 


necessity th therefor will arise, 
vertical stiffening trusses have a a depth of 29 


is only -one-one- -hundred-twentieth of the central span. 


4 r — 
yy have hadon 
fi the general conception of the design, the writer has a mittedly been influ- | &§ 
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the of one- third 
a center span of a 750 ft.; with one-sixtieth in the Manhattan 


q Bridge, which has spans of: 1. 470 f ‘ft.; ; and with one- sixty- -third of the central © 
a of 1630 ft. of the Bear Mountain Br idge, these being the three longest J 
suspension spans existence, or in course of construction, at the 
time the writer made the first studies. The first two, like the George Wash- - 
ington Bridge, are designed to carry highway and electric. rail passenger 
traffic, while the Bear Mountain Bridge carries highway traffic only, 
The Ambassador Bridge, in ‘Detroit, “Mich., “built: since ‘that time, with 
a a center ‘span of 1850 ft., has stiffening trusses 22 ft. deep, or one- one-eighty- 
fourth | of the central span. The Golden Gate Bridge, in San Francisco, 
—Calif., is designed with stiffening ng trusses 25 5 ft. deep, or one e one- -hundred-— 
sixty-eighth of the central span of 4200 Both the latter bridges’ are” 


af a Stiffening trusses of the Manhattan and Delaware River Bridges may be 
‘called semi- exible, while those of the George Washington Bridge are prac-_ 
tically ¢ ‘flexible,’ ’ that is, they exert almost no restraint upon the distortions 


of the unstiffened cables. On the contrary, they are forced to deform almost 
% to the full extent and shape of the distortions of the unstiffened cables. The” 
4 sy ster in its initial stage, being without low er floor and stiffening trusses, —_ 
is entirely - flexible, that is, without a any ‘stiffening effect u upon the cables, 
pe of an almost flexible | system in the case” of the 


- pleted bridge—that i is, with rapid | transit, trains running over the bridge on 

a 


the lower deck, or of an entirely flexible system in case the bridge carries 
ly vehicular traffic on the upper deck— —was not obvious to the writer at 


the inception | of his studies 
he! The’ ge eneral tendency, both in ‘the United States and abroad , had been 


 heraiad a rigid stiffening system, and the 1 textbooks and many modern treatises — 


‘suspension bridges had confined themselves entirely to that system and to 


the elastic theory, without “respect to span length, dead w weight of bridge, or 


a xte nsive studies convinced the writer that for a long- span suspension 


bridge a a rigid system was not necessary. . He was also familiar with the fact 
that: by the application of the correct or -ealled deflection theory, | as. dis- 


tinguished from the “els astic theory,” to ‘more or less flexible system, mate- 

| rial economies ean be ‘effected. _ This is inherently due to the stiffening effect 


of the dead load, which effect is ignored in the so-called elastic theory. The 


_ latter fact had been pointed out by various | writers, notably, Professor Melan, 


V ienna, Austria. ‘Tt had also been ‘proved by application of a a modified 
deflection theory by Leon S. Moisseiff, M. Am. Soe. C. E., to the design of the 
= and Delaware River Suspension Bridges.” 


Aware of ‘the ample rigidity of ‘the Manhattan Bridge \ actual 
and of the sufficiency even the much more flexible. Brooklyn | 
Bridge under all ordinary conditions, writer became convinced that in 


the George WwW rashington Bridge—with its mu h lo and heavier cen 


Ov 2° Winal Rept. of the Board of Engrs. on the Delaware River Bridge, 1927. 
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ORGE WASHINGTON 
(the latter weighing four times that of the anhattan an Bridge and 
times of the Brooklyn Bridge), its comparatively shorter side spans 
with almost cables acting as rigid back-stays, and the more effective 
‘distribution of concentrated loads by reason of its wide rigid floor- tiffening 


trusses of relatively greater flexibility than those used in the aforementioned 


smaller bridges, were permissible and economically required. 


_ Asa a result of lengthy theoretical investigations, ‘supplemented by — 


tions on mechanical models, made in an to find the appropriate: 
degree of f rigidity of the stiffening trusses for the George Washington Bridge, 


the writer came to the conclusion that the arrangement of nearly flexible 


trusses in the finished bridge, and the omission of trusses in the initial stage 
of a single highway deck, perfectly permissible and would secure af 


“degree of rigidity — equivalent to that of any of the aforementioned | 


we In fact, ‘the. governing function of. a stiffening system in a long lech is. 4 


jae excessive gradients: of ‘the floor due to deflection of the able. 
For vehicular and electric passenger traffic the limiting grade, , under severe 
loading conditions, can safely be assumed at 5%, i in view of the improbability— 


‘that it w would ¢ ever be ‘and even then it would only over very 


deflection “curves for ‘the George Washington Bridge showed that, 

‘under a combination of extreme temperature change and live load, the grades : 

in the perfectly articulated bridge would not exceed 2 AN, and in the stiffened a | 

bridge as designed would be less. than 2} per cent. The function of the com-— 
paratively light flexible stiffening trusses was ‘considered mainly to stiffen 

Ty, In his studies the w riter became aware of the fact that e even the s0- alld 
exact. or. or deflection theories” (a number of which had been advanced by 

time), became unreliable and insatiable in the case of trusses of relatively 4 
great flexibility, and that the simplest and most reliable method was to ; 

calculate the deflections of the unstiffened cables and the corresponding bend- * 

ing moments produced the trusses, and, subsequently, correct the ‘results 
slightly to allow for the comparatively small stiffening effect. of the trusses. a 
ae The economy - effected by adopting flexible trusses is far- reaching, as may 
be seen by a comparison of the weight of stiffening trusses and wind-bracing ~ 


to the weight of cables, the 1 live load, ‘the: total dea id load 


Tn the Manhattan Bridge the stiffening system amounts to 30% of the 
; ies dead load and nearly 140% of the main carrying members, the | cables” 


and ‘suspenders. In the completed George WwW ashington Bridge the stiffenin 


system amounts to. less than 6% of the entire dead load and less than 200% 
of the weight. of the cables” and suspenders. 


— Some fo formulas | would : increase the weight: of stiffening roughly in pro- 


‘portion to. span and live load. that “basis, when compared with the 
stiffening of any of the bridges - in Table 2, the system of the George Wash- 


ington Bridge, with silicon ‘steel “chords, would we 18 000. 
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14 000 lb per ft. Actually, it about one- this comparative weight | 


in the final ‘condition and about one- -twelfth i in the initial condition. Con- 
sidering : also the fact that e every dollar’ spent for steel in the floor and ‘stiffen- 


‘ing trusses in a span | of this length — at least an equivalent ex expenditure o 


| Bear ‘Delaware | = 


Ite ‘Mountain Washington 


Span length, in feet 1 47 630 750 
equivalent live load, in pounds. . 11 00 
Average weight of trusses and 


_ pounds 4650 | 12 
Total average dead load, in pounds..... alll ; 4 23 3 700° 40 000 


- = 


SS. 
os for materials in the cables, towers, | and “anchorages to carry the floor steel, z 


icke in ilicon, in 


the total saving by the adoption of the | flexible trusses is estimated to oie 


almost $10000000. 


‘This saving in the stiffening trusses of the George W ‘ashhington 


‘is not due entirely to their flexibility - in a vertical plane, but somewhat to 
the comparative flexibility of the horizontal wind trusses the chords of which | 
form the upper chords of ‘the vertical stiffening trusses. | Due to this lateral 
‘flexibility, and to. to the great w weight of large proportion of the 
= di wind load is transmitted from the wind truss to the cables and by the latter — 
| to the tops of the towers. Thus, the wind trusses become much lighter, and 


this economy, together with the corresponding saving of materials in the 


cables, towers, and anchorages, is only slightly offset by the extra material 
required i in the towers on account of the increased later ‘al cable reaction at 


‘ys. 


The indicated that under possible severest wind pressure "acting 


over the entire length of the center span of 3500 ft. (heaviest wind pressures a 


- 
, have been observed to extend generally over a width not greater. than 800 ft. > 
the m maximum lateral tho center, bridge were perfectly 


one-three- hundredth of the length, which w walk he: 

"Actually, the rigidity of the floor and the inertia of the enormous dead weight 
resisting sudden gusts of wind prevent even such deflections, and the bridge 
as a whole . would be ‘perfectly. safe and sufficiently rigid « even without a wind 


‘truss: — The \ comparativ ely flexible wind truss was provided mainly to prevent 
possible excessive local distortion of the floor and consequent high stresses in 


members and their | connections as a result. of. extraordinary 


Although no measurements of deflections have been made to date 
“a 


even on partly completed bridge indicate plainly its remark-— 
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ont fuller deseription of the stiffening system will be contained in another > 
of this series. ig ference is made also to. a more complete « ‘discussion 
by the v writer of ‘the ni ture of the stiffening system of suspension bridges and 


its. effect upon the e economy of ‘such bridges in his discussion! * of the paper 
by J. A. Waddell, M. Am. Soc. E., entitled of ond, 


Costs per Square Foot of F loor for Hi 


Bridges.’ 


a 


‘The conception of the type and arrangement of the +3 


tied up with that of the floor structure. As mentioned, it was desired : to endl 


the latter only | in two, vertical planes to secure greatest 


icity and determinateness of stress" action. Owing to the consequent 

— large concentration of load in each of the two planes of suspension, it was 


<a that, instead of a single large cable of a size far beyond a any ; previously 


in constructed, it 1 was: advisable to arrange a group of two or more cables. » Such» 


division into units was called for, also, because it was held. ‘possible 
_ that part of the grot p of cables would be erected first, and the remainder — 
c later, when increase in : traffic capacity became necessary and justified the addi- 


ar 


tional 2 This idea was finally abandoned in favor of oe initial, 


subj 
question of caval distibtion of load 


whic 
upol! 
or units of eye- chains. aly laymen, but engineers have been 1 
over this question, and complicated structural devices have been proposed, ing 
and ‘actually used, in order to secure uniformity of distribution of load and © take 
stress; yet this is one of ‘the > simplest problems and one which ‘solves itself — ‘ie 
naturally where the cables” s or their units | are free to deflect, because if the 
suspension | of the floor i is arranged that the cable must deflect equally, 
their stresses. from vertical load must be. the same. The uniformity of dis- 
tribution is the greater the longer the span and the flatter the catenary. —— . 
Inequality of stress is caused mainly by inequality of temperature 
in different parts or units of a able. Such temperature variations s cannot be 
avoided, either in a single cable o rn group of eables, and must be taken 
ve care of i in the marginal strength; but it is ‘the writer’ 's belief that their effect 
has been largely exaggerated. In the case of the George Washington Bridge, 
. various schemes of grouping the cable units and their sequence of construc- 
Le tion were investigated and in part left for selection by the contractor. The 
arrangement finally determined v upon prov ovides for a pair of cables, 36 in. in 
diameter, on each side of the floor, the individual cables, lying” side by side, 
ft. apart on centers, The type of suspension syster m selected lent itself 
oat to two radically different types of cables, the so- -called wire cable and the 7 


called eye- bar cable or chain. In fact, this adaptability of the 


Brot 


8 grea 


design of ‘the bridge to both these types was an {important - factor in its 


Transactions, Am. Soc. C. B., Vol. 91 (1927), p. 9382. 
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rT; Ina structure ire of especially when undertaken by a public. 
body, and under conditions which prevailed in this particular case, » the widest 
- possible competition is essential and it was for this reason that upon recom-— 


mendation the writer, concurred in by the Consulting Engineers. and 


preparation n of competitive ‘designs and ‘the ‘calling for competitive bids, not 
only for the two ‘different types s of cables, but for various alternate | arrange- 
if ments, such as cables of each pair placed s side by side or one above the other; 
also, for cables erected simultaneously or successively, thus giving the 

"wide latitude in. applying their ingenuity, experience, and facilities in devel- 7 
oping the most economical methods of fabrication and construction. 
outcome of bidding, | which was in favor of the wire cable type 
the lowest in cost to the Port t Authority, indicated clearly that this course - - ; 
fully justified the additional time and expenditure involved in the preparation 
of competitive designs and was to” the best interest of the Port Authority 
and that of the public. Such pr procedure, however, might n not always and 
all cases be justified, and the relative prices established by this competition — 7 ¢ 
may be be taken asa fair basis for comparative studies for 
The question of the relative merits of the two types cable has been the 
a on subject of considerable discussion and controversy among engineers fr from = - 
to ) time, in the United States and abroad. . Itisa complex question and one 
which lends itself legitimately to personal preference, © ‘whether that be based 
pon impartial judgment, prejudice, or ‘interest. fa 
Ja In so far as engineers are concerned, ‘their impartial judgment (consider- - 
ing p present knowledge based up upon past performance of the two types), must 
tt ake into consideration such important factors as the peculiarities of the case, 
the rel: ative « quality o of material permissible, unit: stresses, and ether details 
: of design. Gener ral condemnation of one or the other type on the v vague 
grounds | weight, inferior safety, durability, or assumed 
greater cost, is open t to justified criticism of ‘partiality or prejudice. 7h oe 
| ‘so far as the publie i is concerned, there ‘are the outstanding facts det. 
both types belong to the oldest forms of bridge members. Both have been 


developed in American bridge practice during more than a century: have 


4, 


years ago, of both types, and there is no evidence to show that when properly | : 
_ proportioned and adequately - inaintained, either type, as a type, is not safe 


‘about ‘1910. There are bridges, i in existence, built: more re than 100° 


and will not endure for an indefinite time. Both ty pes. been advo- 
proposed for long-s} span bridges by ‘engineers of pr rominent. ‘standing, 
both types are being manufactured by American manufacturers of the 
highest reputation and long experience, 


a inally, those who would. unqualifiedly condemn the eye-bar cable should | 


consider the fact that any wire cable is in reality a . combination of wire cable | 
-bar chain, because for structural reasons all the “important cables 
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“from those which “would constitute the main cables. 


The cost depends very largely upon cir cumstances. s. E arly studies for the 


George WwW ashington Bridge, based upon equitable unit stresses and design: any 
details, and) upon prices which were then established | and indicated b by infor- 
mation from the manufacturers, showed plainly that competition between the _ botl 
two types might result in a considerable sav ing in favor of the eye- -bar; and, § “4 ) 
indeed, if one examines the bids and considers thé unit prices which prevailed 5 sonst! 


prior to the competitive bidding « one is forced to conclude that this assump- 


feature which in this particular case favored the of the eye-bar 


ane is the short, steep, back- -stays which resulted from the peculiar arrange- 

ment of the spans. . Such a a condition involves a considerable excess section - 

in 1 the wire cab cable by reason of the practical necessity of making the cable 


section uniform throughout, while the section of ‘the eye- -bar cable can be 
varied with the stress. 


wid 


given an inclination equivalent to that of the span he 
tower. would have resulted in a a materially greater eost for either type 


and would have made a monstrous looking ‘structure. 


The g general “design and arrangement of the cable” anchorages resulted 


largely from the topography and geological formations. On the New 


Jersey side, the hard compact basalt or Psengs rock” ‘formation of the Palisade 4 


Placing of steel anchorage structures to which the 


re of the below the floor por in the 
‘structure was considered, found to. be neither economical, | 


vesthetically desirable, and ‘the: anchorage « of ‘the cables in a masonry block 


‘This block ponies in itself a a huge and 1 massive e looking structure, forms 


ERS 


‘There is no part | of the design of the Genie Washington 
has s called forth as much comment, favorable and a, 4 on the part | 
of engineers, architects, and laymen, as the towers. _ Indeed, as the writer 
has endeavored to show, the design of the suspended structure, the floor, and 
the cables, resolved itself largely in the application of natural and most 


simple structural forms which — — nor permitted architectural Ye 
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The design of is not. so well defined. ‘There ar are 
“widely different ‘meritorious forms and the effect of the towers upon the 
appearance of the entire structure is perhaps" more pronounced than that ~ 


any other part. They may enhance or destroy the natural beauty of 


graceful ‘suspended ‘structure. There are existing examples which 


It is - futile to theorize about: this question. | It is largely a matter of 


esthetic onception, which is intensely y individual and changeable; nor 
ean it be dealt with on general principles without regard to ti the local scenery 
or la andse: ape. Moreov er, the esthetic treatment of a bridge, : as that of any 
ot her engineering structure, is “not always satisfactorily solved by 


correct honest application of engineering principles. appearance 
of a structure so conceived may sometimes | be materially enhanced by the 


addition the _ architectural embellishment of certain structural parts, 


whether er structurally required or not. The flanking abuments of an arch 
‘bridge, and the towers and the anchorages 3 of a suspension bridge, offer. oppor- 


oa At the time the > design Sie the George WwW ashington ‘Bridge was conceived 


a general tendency prevailed to design the towers of large suspension bridges 


= steel frames or bents, slender as seen in the elevation of t the bridge, with 
i ~ fixed base, but with | sufficient flexibility to stand bending resulting from the 


apes motion | of the tower tops to the cables are” fixed. 


® 


4 


i: in many localities Git wi fully satisfies wathetic require- 
“ments. Unfortunately, i in a number of ‘enses, such towers have been so crudely 
designed as to be responsible for much of the adverse criticism | of steel towers 
general on the part of ‘the art- loving public. ‘ou 
— There are e existing towers of. this kind which are manifestly too slender. 


_ Flexibility is not a virtue where it is not needed. _ Excessive ‘flexibility | may 


3 cause high secondary stresses which are ay apt to be ignored, and ‘extremely — 


slender towers give an “impression of weakness, but “matter how well” 
designed s such slender steel towers may be, and how much they may be justi a 


fied in certain cases, they can not compare in their monumental effect upon 
= entire structure with the massive towers so admirably exemplified in the ‘ 


een Bridge and in many of the older ‘suspension bridges. Shige 


ee Brooklyn Bridge, , long | since its completion surpassed i in size and 
still | retains a world- ‘Feputation as the most 


doubt: that: this. “ie due to its, "admirable coupled with the 


i it surprising then that in spite of ‘the present: tendency - toward purely 
5 ‘utilitarian and so-called scientifically correct structural forms, repeated efforts 
‘should be made on the part of engineers | and architects (and such efforts will 4g 
continue to be made), to produce the effect. of massive towers by designs 
adapted to the use of present-day available materials, of construction. 
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In the ease of the George W achington to its locati tion in a 
landseape which it is hoped will forever retain its natural beauty, with a a back- 


of massive cliffs on one side and the rocky, ‘and wooded 


orming Fort Washington Park on the other—massive looking towers for 


the 


As te to the adaptability economy of ials av available to produce 


ssive ve towers of such great height, bridg ze builders: now have, in the com- 


| 
ati ion of steel and concrete, a means of producing | much gre ater strength ] 


less cost than would be possible with the formerly available stone 
This form of. construction has made such suece essful inroads in 
t 1e field of long-span arches, that its economical application to towers of great ‘ 
Te 


1e eight a appears logical and feasible. 
In fact, comparative studies of steel towers and ‘massive towers made for 


7 tie George | Washington Bridge indicated that at prevailing prices a massive 


te tower of § steel and concrete can be designed tha that will compare very favorably 
with: bare steel towe ers. A study made by the w writer for a slender steel tower 


4 


Fig. 21 Ww AS iven. serious consideration in comparison with a massive tower, 
g g 


“but, while it might have been a fairly satisfactory sclution, it was the unani- 
_mous opinion of those responsible for the design, that in this ¢ case it was less 


‘meritorious: from the esthetic point than the design for the massive 
in two 


traffic capacity, e site tower 
as designed as a self- or skeleton ‘which would support. 


itself and, at least, the initial dead load of the suspended structure, but would 
be encased and strengthened by concrete properly bonded to the steel ‘skeleton 


and reinforced with reinforcement | steel, to obtain the full ultimate ¢ carrying 

ca vacity of the bridge. 

Owing to the great he ight and comparative aid of the massive 


“towers as designed, and the relatively short side spans which govern the 


- Jongitudinal motion 1 of th he cables : at their bearings over the towers, it was 


_ found feasible, without out subjecting the tower to undue e stresses from bending, 
to fix the cable bearings to the towers. s. Thus, it was possible to 


- bearings which, if designed so as to. be permanently effective, would be very 


cexpensive, 
In the course of, the final | studios for the towers, differences of 


arose as the ultimate strength the ‘combined steel and concrete struc- | 
= . In order to avoid any controversy about this question and to permit © 
postponement of ‘the final decision regarding the design without delay 

tot the construction of the ‘steel skeleton, it was decided finally to p proportion | 


the entire ultimate 


‘onstruction of nt con ner rete” 
ultima ite "studies should prove | suc ha 


= 


strengthening - of the steel skeleton involvec 


lan ad litional ‘initial expenditure 
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Although 1 no definite. detail plans have been developed for the 
the towers have been the subject: of extended architectural study. In their 
latest development in that respect (1931) they are illustrated in Fig. s. 
Since the steel tower frame i is proportioned to carry ‘the entire 1 
load for which the bridge is designed, the future addition of the « 
encasement, or possibly of a mere shell surrounding the : as <i 
been suggested, ora combination of both, becomes caventially an  wathetic and 
architect tural question. Before t taking any action. in this matter, the Port 
Authority will 1 undoubtedly v want to. sean public opinion: carefully, and ‘par- 
“ticularly gi give due reg ard to the attitude of those civic and governmental 
“organizations | that are interested in 1 the a esthetic development | of the | com- 
. munity and the preservation — of the beauty of the landseape, a 
~The writer, » who has ¢ »onceived and i is primarily responsible for the type 
re general form of the design, considers the steel towers as they stand to 
represent as good a design a may | be ‘produced by a slender steel | bent, and — - 
that they lend the entire struc ‘ture a much 1 more satisfac story appearance than 
he (and perhaps any one connected with the design), had anticipated. -Never- 
theless, _ he believes that the appearance of the towers would be materially | 
enhanced by an ene asement with an architectur al treatment, such | as that 
developed by the architect, Mr. Cass Gilbert, as illustrated in pind 22, a 
The writer is not impresse by the criticism, based solely o the 1eoretical 


and utilitarian | grounds, that the eneasement would constitute | a ape 
which would hide the true — ture and its desesputey > he covering of the 


ore than the exterior 


of a modern sk scraper, except to ‘tie: uninitiated. 


a Camouflage i in this sense would condemn many of the crea wiles: in pri vate 
an d public life. | It is a an essential manifestation of civilization | and is not 

n is 
neompatible ‘with sincerity and honesty of endeavor, » because an “essential 


rt bel human effort j is to create an esthetic atmosphere, the vi value of which | 
18. ‘This is evidenced in the craving 


or and pub institutions which yields o only to. the limits of 
nilable- Why should n not a supreme effort be ‘made in that respect 


ering structures, | especially those which are viewed daily by thou- 


Nevertheless if the ene asement should not. not be built the writer will be 
4 satisfied that the effort to produce a a massive structure has not ee eee 
fruits. The steel tower as it stands owes its good appearance largely to its 


: 3 ‘sturdy proportions 9 and the Ww ell- balanced distribution of steel in the columns 7 


At its: present stage (193 32) the top of the steel tower (Fig. 23) requires” 


eertain finishing additions. cable must be housed. | It is also 

recognize ed that the tops of the towers more than n 600 ft. | above the water, 


which offer splendid views: ‘of the landscape for many miles all around, should 


be made accessible to the public by the provision | of suitable elevators and 

protected observation platforms. ~The artist sketch | shown in Fig. 
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indicates the “manner in which this may be accomplished 


arrangement in harmony with the remainder of the tower frame. ins 
_ As far as the engineering problem of designing ig a tower of this height— 


composed of a: steel skeleton and concrete encasement with possible ston 
facing—is concerned, that: presents a number of interesting phases which 


un 
unquestionably” require further research and “intensive design study. How- 


‘ever, such progress has been made with this composite type of construe tion, © 

principally in connection © with massive arches which exe eed in proportions, 

a - magnitude, and complexity of stress action those of the proposed towers, that 


a satisfactory solution for the latter appears to be well within present possi- 
bilities. Joint action ean secured largely by proper structural bond 


between the steel members and the concrete, but probably the most important, - 
and as yet insufficiently clarified, question involved, is that of the relative 


“distribution of stress between steel and concrete and the els astic : and non- -elastic 
behavior ior of these mate srials under Ww working loads, as well as close to the culti- 


The Tower Steel Frame.—The design a ‘the tower steel iia presented | 
interesting and unusual phases. In its general ‘proportions: and outlines it 
™ as natur: ally gov erned by the design of the 1 massive or encased towers, but 
neat 
appearance 4 its encasement, *, | 
In the structural arr rrangement it was 
account of the enormous unprecedented load concentrations to “compose the 
steel structure of integral parts of relatively. moderate size 
| a clear and certain, not nece: 


4 , stress An arch- shaped trussed frame, with a 


large of :olumns, offered itself in these respects as far more suitable 
than: the usu sual seemingly determinate, four-column tower with bracing 


As designed, the frame consists essentially of sixteen indi- | 


vidual columns arranged in four arch- -shaped transverse bents, each having 


two interior and two exterior columns. | ~The exterior columns | of each bent, 
= the bents themselves. are slightly “incline ‘corresponding to. ‘the batter 


-. The cable bearings or saddles on the tops of the towers are above the two 


inner pairs of columns, but the lo: nad Aistributed to all 


of arious sections. ‘The design involved ‘comparatively ‘slight 


excess of metal in only the uy ‘upper r sections of the exterior ‘columns. 
7 Pe: ‘That the criticism of of eccentric loading | on top with respect to sc some of 


- the columns and the so-e: alled static inde eterminateness of the entire frame > 
has no justification | whatever has been demonstrated. clearly by the elaborate 
investigations, supplemented | by measure ments on na celluloid model. 


Comprehensive stress me asurements on. ‘the “steel towers “substantiated the 


assumptions and conclusions of the stress investig vations. 
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Fra, (22. ARCHITECTURAL oF ENCASED STEEL TOWERS, WITH GRANITD FAcING. 


4 
; 
| 
— 
= 


=" 


— 
— 
tm 

> 

= 


ye 
ue 


BRIDGE 


WASHINGTON 
SKETCH OF STEEL TOWER WITH PROTECTED OBSERV 


Ss 


932 


3 


1 


23, 


‘Au gust, 


Bip Ce} 


Aw 


ry 


1025 
| | 
| 
— 
im ee 
—ARTIST’sl 
= 


fa 


1982 on :ORGE “WASHINGTON BRIDGE: GENEI 


Tue Approacue s anp Hichw AY CONNECTIONS 


Although ally simple, the planning of the approaches of al arge 
P highway bridge in a dev eloped community is one of the most intri- 
sate problems. which such a project as to how such 
approaches should be planned—like those e with respect to the planning of 
highws ay s—have undergone radical changes as result of the revolutionary 
@ chs ange in. the character, volume, and speed of highwa Ly traffic : since the advent | 
of. the motor vehicle | and, in this respect, engineers have not yet’ reached wl 
pore of working with generally accepted principles and practices, 


ss More over, the planning: of approaches to such an important new crossing — 


is intimately tied up with the planning of new, or the improvement of ex xist- 
ing, highways leading to and from the crossing, in which many interests are 
involv ed. Consequently, the planning of the approaches to the George W ash- 
ing igton Bridge was a task of extensive and intensive study and gradual evolu- _ 
on for a period of more than three years, 
Under the s statutes authorizing the Port Authority to build the bridge, 
provision is made for the approval of the approach plans by: the | municipalities — 
in which the approaches are located, as well as by the Governors of the 
As a practical procedure, the Port . Authority sought — and ree © 
co- operation on the part of the City Government in New York and on the 
part ‘of the local ‘municipality, the Borough of ort Lee 2, ‘and the State ie 
ow ay C ommission in } New J Jersey, in the early development of the pla ins and in - 
the > necessarily lengthy negotiations which led to their final adoption and 
appro val in the form of agreements between the Port Authority and these 
governmental bodies. Int} New Jersey, connections with county roads also— 
involved dealings with the Bergen County authorities. 
On both sides of the river the ‘approaches’ as built are more claborate and 
more efficient, ¢ as well as more costly, than _ was originally contemplated. / The 
Port Authority did not shrink from assuming any reasonable additional il expen-_ 
diture approach facilities as. long” as they were » justified by increased 


efficiency of traffic distribution and satisfied the Municipal and State 


ft As: the planning proceeded it became apparent 1 that cert certain principles to 

me et the requirements of modern traffic would have to be set up and, as far 

as. reasonably practicable, followed. Foremost. among these was the avoid- 
‘anee of ¢ crossing: of traffic lanes at. grade, ‘not on and 
——_ proper, but at the points of conver e of bridge ~ 


and street traffic, because such crossings invite and re flow of 


of the ‘spproach with a sudiicient number of ‘important streets or 

~ ways, which would permit of an adequate distribution of bridge traffie and 7 
= 

would avoid excessive concentration in any one artery. Such a a sy ystem of 
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bridge into and which all distribution takes 
is no longer adapted to the modern requirements. of speed and s “safety and 


must be by a more efficient, but also more costly, sy system of direct 
roadway conn 1ections with the important highways carr rying tr: 


‘The of conservative and ¢ s and of ample width of 
approach roadway rapid flow 


> 


‘The N ew Jersey ‘Approach —The general layout of the approaches" is 
ne in Fig. 2 24. The roadwa ay or upper, floor of. the bridge ‘strikes the face 


the Palisades a at an ele evation “approximately 40 ft. below the of the 


- cliff; but the latter” slopes down toward the west and meets the roadway 


grade about 600. ft. west of the ace of the Consequently, it became 


“necessary to build the New Jersey Approach i west of | the face 


the cliffs i in a rock cut. 


Hudson Terrace, the most easterly north and- south artery, Ties | in a depres- 


‘sion ant d could be bridged over by ‘the approach viaduct without material 

changes in its grade. it is connected, however, with the bridge approach 
both yor its easte rly and w esterly sides | by separate ramps. WwW est of Hudson 
: Terrace the main . bridge ramp strikes the existing ground surface and widens 
out to form a plaza about. 450 ft. long » 200 ft. wid wide, on which the toll 


this plaza ro ascend westerly to} Lemoine Avenue, (New 


a ay 000, ft. to the it. with 


Nos. 1, , 4, 6, prop posed county ‘Yo oad. plaza 


“he depressed t of ‘Lemoine 


Thus, bridge rectly with seven more or less 


iportant 1 'teries 1 mber local and all 


4 


an dew vated ramp the in Fort W Bask 

to a surface and a sub- surface plaza immediately west of ‘Fort W: ashington 


_ Avenue, and of direct highway connections from there to Riverside’ Drive, | 

Fort Washington Avenue, Broadway, and Amsterdam Avenue. 


=! a. In accordance with the agreement between the City of New York a1 and The 


Port: of New Y ork Authority, this approach - was ‘planned to be constructed 


in stages. Tn the initial stage | of construction, the main approach ramp from | 


“the anchor: ize in n Fort W ashington Park i is only 60° ft. wide and comes to 


grade at Northern Avenue. From there, side ramps ‘connect easterly with 


‘Fort W: Avenue, while the cen entral roadway descends | easterly” to a 
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sub- surface plaza west of Fort. “Avenue, where connections are 

_ made with vehicular tunnels, each for two lanes, in West 178th and West | 

the initial ‘the adways in 178th and 1 179th Streets east 
-_ of Fort Washington Avenue are widened to 36 ft. by reducing the width of 

- the ‘sidewalks i in order to accommodate the bridge traffic which may go to, or — 
come from, Broadway and adjacent streets. The initial plan also” provides 

E for the ‘roadwe ay connections with Riverside Drive, which run from Northern 
Avenue westerly. ‘parallel to 178th and 179th north and south of the 

“main approach ramp to Haven Avenue. West of Haven Avenue these road- a 


"ways turn south, the on- ‘bound ro: adway passing under the main approach — 
‘ramp. Both the off-bound and on-bound roadways branch: to permit connec- 
tions on the east and the west side of Riverside Drive. ~The’ roadway for | 
- bridge traffic, to and from the west side of — the Drive is carried across it 
ete an arch of 120-ft. s span, ‘approximately | opposite. West 171st Street. ‘Thee | 
connections permit trans-H ‘Hudson traffic 2 to pass d directly to and from Riverside — 
_ Drive both northbound or southbound without crossing traffic on the Drive. — 
oS Toll Collection and Operation Facilities —Owing to the necessity of col- 
-! 4 lecting tolls, el elaborate facilities therefor, “as well as for police regulation, 
maintenance, and : repairs had to be ‘made. . Property being much less expen-_ 


_ sive for such facilities on the New Jersey side and the concentration of these 


a the New Jersey side only, except in so far as traffic control, more particularly © 


in the tunnnels, may be necessary on the New York side. een 
ie Facilities for the collection of tolls are located on the spacious plaza formed 
by the widening of the bridge : ramp west of Hudson Terrace and o: on the two 
side ramps connecting the main approach roadway with the east side of 


Fed Terrace. — _ The plaza width is sufficient t to permit the use of sixteen 


activities being desirable, provision for them was made on 


mor 


lanes at the toll ‘bane _ These are arranged in pairs and : are aaeiie 1 on 
4 t 


The dignified architectural treatment of the toll buildings is in keeping 
the character ¢ of the bridge e structure. This is secured by extending a 
continuous canopy over the line of toll booths terminating at the toll-houses. 

7 _ Aluminum surfacing is used on the booths while the toll-houses are two- 


The most advanced automatic registration of vehicles” 


‘J : and for the recording of collections is installed at t all toll | lanes. The type 
“of vehicle and fare collected are recorded automatically and, at the same time, | : 
q 
i = indicated ‘upon a dial system ‘mounted at the toll booth. Beyond the 
toll booth a treadle records the passage of the car, providing an 


additional check. The pair of toll booths at the foot of each of the two ramps 
j : east” of Hudson Terrace are similar in design and equipment to those at the — 

4 ‘The adequate lighting of the plaza i in the toll- collection area presented — 

= “special problem which was solved by the > installation of four flood- | 
towers 1 which provide illumination for 80 000. sq. ft. of plaza (200° ft. i in width 


- by 400 ft. in length) leaving the plaza entirely free of obstruction. _ aa | 
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A A field “office and garage for the local administration of the 
located immediately south of the plaza. It is a two- story structure of colonial _ 

architecture with stone walls trimmed with gre unite. provides suitable 


facilities for the Superintendent, his assistants, a ‘maintenance supervisor, 
clerks, police officers, and a physician. 7 % likewise provides locker space for 


the police and _maintenance force, and space for store rooms” and a meckine 
shop, the latter in connection with ‘a garage of 16-car capacity which is 


attached to the field office. 


At the time the bridge w was financed in . December, 1996, it was estimated | 
that initially—ready f for a four- lane vehicular ‘trafic , but with provision as 


far as necessary for an ultimate capac ity of eight 1 vehicular lanes and four 


transit tracks—the bridge would cost approxim: 000 000. This” 


Oo 


— 


way, a tot: al length of and of 720 


As a result of negotiations with the City ‘of New York there were subse- 


quently added | the highw: ay onnection with Riverside Drive, utilizing partly 
existing city streets, and the vehicular tunnel approach in 178th and 179th 


Streets between Amsterdam Avenue and Fort W: ashington “Avenue. The 178th 
Street Tunnel was be built initially | and that 179th Street later. In 


order to offset this additional initial expenditure partly, it was decided to | 


_ omit, ‘initially, the side r ramps ps of the main approach west of For t Washington — 
Avenue and also” the extension of the approach to Broadway. In part, 
‘more costly adc litions were made feasible, without securing additional funds, oo 


owing to the fact that the estimates made in 1926 proved to be ; generally high, 
coupled with a decided low ering of costs in 1930 an and 1931, as a result of | 


‘The e actual initial cost of the project, as now carr arvied out with ample 
“allowance for the granite encasement of the: New York | for the 


completion of the 178th Street Tunnel, completion of the top of the steel 
towers, ‘and for miscellaneous other work yet ‘to be done as” part” of the 


stage, is approximately, a as follows: 


Bridge Proper, Inclusive of Anchorages: 
Construction, engineering, and 329 000 


‘Total initial cost of bridge proper — 529 29 000 7 


hie York Approach, Inclusive o of Connections with ieee 
is _ dam Avenue and Riverside Drive: 


Construction, engineering, and administration. .. 372.000 


18368000 
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Construction, engineering, and administr: ation. made 


Total initial cost Jersey 


Summary Cost of Bridge, Approaches, and Hig ghway 


Construction engineering, and administration $401 119 000 
4 construction yn and 1 ri ights of WAY 0314 000° 
000 


Total initial cost of pro “project, 


In the comparison . of this cost w ith, the pa par value of the pr a er 
(850 000 000) plus - the | advances by the two States ($10 000 000), there must 


: be: added to the cost an item of $3 030 000 for pete on the bonds, —— ing | 


‘not ‘included, it havi ing been any or premium would 
be : a matter of financing operation, depending largely on market conditions 


and the interest rate on the bonds, and might properly be distributed over | 
"the period of amortization of the bonds. Toweve r, it was decided later to 
be desirable to_ amortize this item entire sly out of construction funds. eo 
foregoing g costs of construction, engineer ring, and administrs ation 
the bridge proper is made up of the followin ing principal ‘items: 


Cost. of. Proper: 
Anchor ages (exclusive of .. 2730000 
Steel towers .. 8069000 
Cables 
‘Steal floor — (highw ay deel 2679 000 
57 000 


equipment and install ition. 


— and cor ntings encies. 
Engineering and administr ation 


Total initial cost “engineering, and hace 


- administration of bridge proper.................. $31329 000 4 
— estimate made to determine what the cost would have been in case 


bridge had been designed and built with only one deck for a six-lane 
roadway and two sidewalks, without provision for rapid transit traffic shows 
that t the reduction would I have e been $15 ( 5.000 000 and the total i 


without discount on on bonds, approximately $40 000 000. 
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About 95% of this possible reduction in cost is due to provisions for io 
greater ¢ capacity i in the bridge proper, and only about 5% for such provisions 7 


made in the - approaches. _ The vehicular t tunnel in 178th Street is included | 

in the aforementioned cost for a six-lane bridge. 
Progress and Principal Construction Contracts.— As hereinbefore 
‘tioned, the first Port Authority bonds for this project were sold on Decem- - 


ber 9, 1926. Iti was at that time estimated that the bridge oes we reais 
ready for vehicular traffic on or about July 1, 1932. 
inal borings at the site ot the New Jersey Tow er were t then — und er 


9000 way under a a contract with the Osborne ‘Drilling - Company, and on sacha 


| The “major construc ‘contracts were signed the 


followi ing 1g schedule: 
May 19, 1927, ‘oundation for — w Jersey Contractor, 


Bec: ‘Silas B. Mason, Incorporated, approximately $1059000. 
June 18, 1927.—Excavation for the New Jersey Anchorage 
Approach, C ontractor, F Fole y B srothers, Incorporat ated, approximately 
& -1997.—-Steel towers and floor system, Contractor, 


November 4, 1927, Jables, , suspenders, and anchorage steel work, 


C ontractor, John Roebling’ Sons ‘Company, “approximately: 
i 


, 1928. —New York Anchorage Tower Foundation, 
tractor, Arthur MeMullen Company, $1088000, 
- December 6, 1929.—Demolition and removal of buildings on site of | 
the New Y ork Approach, Contractor, ‘Klosk Contracting 
duly 3, 1930.—Miscellaneous construction on for New Jersey Seana at 
Terrace e, C Jontractor, George M. Brew ster and Son, approxi- 
7, 1930. .—Ma iin of the New York 


Cornell Contracting Corporation, approximately $870 000. 
August 7 re 193 —V ~~ tunnel in West 178th Street of the New 


York Approach, Contractor, Contracting 


October 14, 1930.— —Riverside. Drive _conneetion of the New. ork 
Approach, Contractor, William P. MeGarry Company, approxi- 
February 2 


ase 20, 1931.—Paving, railings, and miscellaneous construction work > 
for the Main Bridge and New York Anchorage, Contractor, Cor 


betta Concrete approximately $495 000. 
Miscellaneous contracts were let in 1931 for the field office building, toll 
booths, electrical install: lations, flood-] light towers, building alterations, and 
final painting to the aggregate amount of approximately $603 000. oar i 
of construction» work was so favorable as make it possible 
= open: the bridge : for vehicular traffic on October 25, 19 1931, or about eight — 


months i in advance of the original schedule. 


apers 

8 000 
— 
1.000. 
— 

x 
| 
7 000 — 
Was” 

ta 
vould 
tions 

9000 
9000 
7000 | 
9000 
case 
‘lane 
cost 


_ The actual period of construction from the date > of fir financing to the 2 open-— 
4 ing of the bridge to traffic, therefore, consumed about a a month less than five 


sy years, and from the date of the first ‘construction contract | less th than four and 


one- half years. 


‘The raising of the foot- rope ‘into was on July 9, 


4 1929, and the opening of the bridge was preceded by elaborate ceremonies on 


“October 24,198 


RGANIZATION AND PERSONNEL 


The Port + of New ¥ ork Authority, , which under mandate : —_ the States 

New and New Jersey has” built, « owns, operates the George 

2 

Washington Bridge is composed ot om 

State, appointed by ‘the respective Gov ernors. 

broad and varied exp experience in business: and affairs. ‘serve: 


the construction of ‘the | W ashington Bridge, the following 
8. "Silzet lay 27, 19 26, Tune 20, and 
Galvin (July 12, 1928, to date). . The other Commissioners in office hoo 
period include: Messrs. Ira R. Crouse, Howard S. Cullman, George R. 
Dyer, Frank C. Ferguson, ‘liam: C. Heppenheimer, George deB. Keim, 
John F. Murray, John J. Pulleyn, Schuyler N. . Rice, Alexander By ‘Shamberg, 
Herbert K. Twitchell (deceased), and J oseph G. W right. Mr. Shamberg had 
been one of the Commissioners of the former New York Interstate Bridge 
Commission (later, the New York ‘State Bridge and Terminal Commission), 
since its creation in 1906, and General Dye er had served in that Commission 


since 1909 and d was its” Chairman during th the e construction of the Holland 

The executive and administrative functions, , including the financial 
real estate transactions, are centered in the General Manager. | Throughout 


the period o of construction this responsible office been held by Mr. John 


The many complicated and ‘unprecedented “legal and legislative “matters” 


ee been in charge of the Legal Department of the Port Authority, headed ; 


Mr. Ji ulius Henry Cohen, as General Counsel. 

; ‘The. engineering matters have been attended to by the Engineering Depart- 

_ ment, under - the direction of the writer ai as Chief Engineer. He had the 
= very able assistance of the following principal members of his staff Bo 


Edward W. Stearns, M. ‘Am. Soe » as Assistant Chief Ex Engineer, 


"attended generally to administrative functions i in the Department and the 


contracts Allston Dana, M Am. Soc. 
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C. Evans, Assoe. M. Am. Soe. C. E., Terminal Engineer, 
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“the studies for the approaches and highway connections. 
iB. Case, M. Am. Soe c. C . E., Engineer of Construction, headed the Construc- __ 


ES Division which made all field surveys directed and the 


The studies were made ™ Cass Gilbert, in callabo- 
Chief Engineer also” had the advice of the following Coneulting — * 
William H. Burr, George Goethals (deceased), Leon 
S. Moisseiff (on design), Daniel E. ; | Moran (on foundations), Ole Singstad 


(on vehicular tunnel approach), ’ , and Lewis B. Stillwell (on electric installa- 


Berkey, M. Am. Soc. C. as Consulting Geologist, made 


the geological ‘investigations. — 
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AND STREAM. FLOW 


ssoc. M. AM. Soc. C. 


Synopsis 
The effect on stream flow of ath in forest and brush cover on oe 
4 


1910 to 1926 on two contiguous tracts. of land in Southern Colorado.’ 


Data a for this study v were taken’ from a a report by Messrs. C. Bates 


A J. Henry. Stream flow ‘measurements by the United States Geological 
_ | Survey in co- operation with the State of California and the County of Los 
_ Angeles were begun in 1916 on certain areas in California, on some of : 
q which accidental denudation by burning afforded opportunity for comparisons _ 
heretofore published. . Detailed observations were made both these 


areas for several years before changes: in cover w ere accomplished 


and were several years s after such changes. 


The of the. change i in vegetable c cover on the stream. flow character- 


istics are discussed in this p paper a nd conclusions drawn. 


NTRODUCTION | 

In November, 1908, the late H. M. Chittenden, M. Am. Soe. | 


Lieutenant- Colonel, Corps” of Engineers, & Army, “presented a paper* 
Society entitled “Forests and Reservoirs in ‘Their Relation 
Stream Flow, with ‘Particular | Reference ti to Navigable Rivers. He summar- 
= ed the. opinions commonly accepted at that time, to the effect that forests 
exert a. benefici al ‘influence on stream flow in the e following w ‘ways: (1) By 


- Norr.—Presented at the Annual Convention, Yellowstone National Park, July 6, 1932. 
Written discussion on this paper will be closed in November, 1932, Proceedings. Dares enn, 
oe Hydr. Engr., Conservation Branch, U. S. Geological Survey, Washington, D. a 7 

Associate Hydr. En; ner., WwW yater Resources ‘Branch, Geological Los ‘Angeles, 
‘cane. 


* Monthly, Ww eather Rev Supplement $0. _contes of this paper may be obtained 


— 
AMERICAN SOCIETY OF CIVIL ENGINEERS 

q 
— 
q 
r 
. Transactions, Am. Soc. c. EB. Vol. (1909), pp. 245-546. 


the waters from r rain 


develops under forest cover, 


melting: snow in the bed of 


ing the run- n-off ; (2) snow in the spring and 
longing: the run-off from that source; ; (3) by increasing precipitation; and, 
(4) by - preventing erosion | of the § soil o on steep, slopes and thereby protecting | 
"watercourses, ¢ canals, reservoirs, and ‘similar. w orks from. accumulation of silt, 
_ Colonel Chitter nden’s study had a negative conclusion. He found that no 
inal: report presented 19, 1916, the Special Committee 0 on F loods- 
and Flood Prevention stated that if reforestation is considered merely. from 
a commercial standpoint, the value to the country of reproducing timber 13 
great that it obtains general approval, particularly of engineers, who 
appreciate more than any other class the disadva: to which the country 
will by the des truction of its forests 
Nevertheless, according to the Specia advocates of 
reforestation have claimed | that forest destruction has increased the height 
and frequency of floods and diminished the discharge during low The 
basis ‘of those claims for reforestation, been the beneficial influence of 
4 forests in preventing floods and improving the navigability | of rivers. a) 
7 ‘This was a moot question | in 1916 and the Committee pointed out that 
even the advocates of reforestation as a means of flood control failed to give 
any “quantitative determination of the effects of forests” upon ‘floods. It 
stated that, for the engineer to utilize any agency practically, he aii know 
_ that it will: produce a positive effect on which he can rely and which he 
- ean measure. ‘The data as to the effect of forestation, soil observation, and 
kindred methods of flood control \ were admittedly not susceptible of quanti-— 
tative analysis at that time. 8, et 
Expressing his opinion as of 1930, late te Allen Hazen,* M. Am. Soc. 
«a E., called attention to the fact that foresters have urged the importance of 
forests in controlling and regulating stream flow, increasing the quantities 
of water available for use, and preventing and reducing flood flows. 7 Although - 


| 


of the of upon stream flow is meager 

involving the solution of a ‘difficult: problem to prove conclusively 


He admitted that affect s flow 3 in many ways, 


jad “There ‘is to think that clearing of land in our country and 

putting it oom cultivation has materially increased the flood quantities over 


_ those that existed in previous centuries. Reforesting cleared and burned 


7 but that there was no evidence that they - modify major flood flows materially. 


8 Transactions, Am. Soc. C. E., Vol. LXXXI (1917), p. 1218. 
*“Flood Flow Study of Sequences and Magnitude,” pp. 152-154, John Wiley & 
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mountain areas: at the head-waters of is many 
aspects, but it is not to be counted on to make a material reduction in ‘i 


was extensive investigations have been conducted in ‘the W agonwheel 
Gap area, in Col orado, for the express purpose of determining the actual _ 


effect: of forests on stream flow. By chance, also, fire in Southern 
alifornia destroyed the trees and under rowth in an area from which | 


records of stream flow had been collected for s seven years previously. Infor- a ~ 
mation, therefore, is available to ‘show quantitatively effect on stream 


~ flow brought about (a) by the complete deforestation of a high — _ 
of about 20 in. half of 


a coast: al mountain region o on which | the ‘annual precipitation ranges 


to 60 in., with little ‘snow. Conclusive evidence of the effec et of forest 
on stream flow from these two widely different areas should be, 


only of considerable interest, but also of great in formulating policies 


relating to forests and the conservation of water. 
it is strange, but nevertheless true, that until the investigations in the 


W agonwheel Gap | area were : completed, no observations had ever been made 
* the actual effect of deforestation upon stream flow, conducted on a 
-sufliciently large aa: and covering a long enough time to insure that the 


‘results: obtained and the conclusions based on them would not be subject to. 


serious» doubt. The investigations near Wagonwheel Gap and in Southern — 
California ‘differ materially any made heretofore. The observations 


on 


were made first on ‘the forested areas s for a Jength of time sufficient. to ¢ deter- 


od af 
previous and p: par areas been com- 
pared only after the change had taken place, and as the regimen of the areas” 


under natural conditions is not known, there is reasonable doubt as to the 


proper ev valus ation of the differences in run-off that were observed. 


Colorado. were conducted in in the 
Cneanel ee area, , in Colorado, by the United States Forest Service and 
the United ‘States: Weather| Bureau, during the period, June 1, 1910, to 
October 1, 1926." _ ‘The greatest credit is due to the e scientists of the United 
States ‘Department of Agriculture who conceived the ‘Project and sO success- : 


“fully « earried on det ailed observations. publication of the basic data 
students investigators the fullest “opportunity to make inde- 


WwW ith this idea in vi iew the writers have made — study of the basic data 
and have endeavored to present graphically, and in tabular form, in such a 


Monthly Weather Review, Supplement 80, entitled “Forest and Stream-Flow Experi- 
ment at Wagonwheel Gap, Colorado: Final Report_on Completion of the Second Phase _ 
of the Monet 0. 8. ” by C. G. Bates, Silviculturist, U. S. Forest Service, and A. J. Henry, 


. Weather Bureau, 1928. 
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_ way that. it may be most easily visualized by engineers and water users, the 
change in in stream flow resulting from deforestation. 
Since quantitative measurements ‘of actual ‘differences in run- 


resulting from deforestation and denudation are now available for 7 the first 
time, te writers feel that the facts should be given’ far ‘greater weight ‘than 


‘the following discussion the « data ¢ ollected, both at W 
and in Southern California, are an: aly zed to show > the effect of deforestation 
on n (1) total 1 run- -off f and distribution ; ( (2) maximum flow — 
ence; summer flow; (4) minimum flow and date of occurrence ; and 


5) erosion and silt content. 

As all the W agonwheel Gap experiment are 
of them will vill 


“Fic. .— AREAS 4 AND B, W: AGONWHEEL GAP, COLORADO 


~ in this paper. aper. The a areas selected (designated for “convenience Area a 


Area ‘B) were two contiguous mountain drainage basins in Mineral 


County, ‘Southern n Colorado, in the. Rio Grande drainage basin, at altitudes 
between 9.000 and 11000 ft. Fie. The forest cover in. both areas 
was representative — of the Rocky Mountain region as a whole, and, therefore, 
other conditions being similar, the results may be ‘reasonably ‘assumed t to be 


-Tepresent: itive of. m: any mountain. areas throughout the W est. 


Geologieally and topographically both tracts were as similar it is 
possible for two sm mall contiguous areas to be, and their combined area 


sat 
— 
a 
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rs, the oil Area A, 222. 5 acres, and Are rea B, 200. 4 acres 8) V was ; 80 small that eee 

‘subject to practically identical meteorological conditions. measure- 
run-off ments of ‘run- off and all meteorological. observations were ma with 

first possible precision, the results obtained may be taken at. 

ginning of the investigation was as dw. 

1 Ga 
oceur TENT or Fore ST Cover WacoNwHeEeEL Gar, 
il be Area A | Area | Area A | Area B 
During the summer | a 1919 Area B was deforested, ill tree growth be- 
' ing cut except in a narrow strip alon 1g the course of the stream, which was not ° 
until 1920. ~The slash from the larger green conifers the tops and 


stems of the evergreens and a aspens were burned in 1921. After” the 


a there was a growth of gra iss, herbs, and aspen, and, in places, 

* aspen sprouts had reached heights of s to 6 ft. at the end of the Ty ear 

period. _ In general, the grasses were reproc yduced on south “exposures and 


grass and herbs on north exposures. and Henry” have used 


the term | “denudation” to describe the removal of the trees from the area. 
W ebster defines denudation as. “act of -denuding; * the laying bare 
of rocks by the removal of overlying material ; erosion.’ ” The writers believe _ 
that the term “deforest ation’ > more correctly. defines the change that occurred 7 
on n Area B, because only in isolated } laces where slash was s burned (compris ee: 


ing a very | small percentage of the w hole), w actual des truction of 


soil | covering. “Denud: ation, howev er, correct! describes the change that 

occurred in the California area. 


Reliable observations in W agonwheel Gap w were made for eight years | in the 
atural state wal for seven ye ars after: deforestation. (There is some doubt 
as to the e accuracy ¢ of the run-off records 1 prior | to August, 1911, so that the © 
complete record runs” from September , 1911, to September, 1926. ) This 

study is based necessarily on the hypothesis ‘that during g¢ the - first ¢ eight years 
the run-off relations and differences between the two areas were so well indi- = . 
eated that the results obtained can be | safely used as the changes: 


= 
in run-o -off ‘resulting from: comple te deforestation. 
mu data for the 


Many of ‘the pertinent -annu: al and monthly climatological 
two | areas are given in the accompanying tables. Briefly, the mean annual, 


temperature was about 3 34° Fahr., the range being 80° ‘Fahr. during 

June, July, and Aug 


ust, to temperatures below zero occasionally during all. 


2. 
‘ 
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21 in., one- of which “ooourred in the form snow. ~The climatic con- 

ditions were very simila during: both periods. 

during both | 

"periods. The mean 1 annual temperature “ ‘Area Bo was 13 3°, warmer after 


mean annual precipitation over Area was | 


B, ‘the | mean precipitation was 21. 10 and 20.8 83 in, respectively, 
‘ lee the first and second periods. | The ‘accumulated prec precipitation | on these | 
_ two areas: generally agrees | 7ithin 0.5%, or less than the probable | error” of 
‘ the observations. se In the accompanying ‘tables s observations of run- -off are given, 
= inches, over the: drainage basin, corresponding to the base data given 
_ the U. 'S. Weather Bureau report, and, also, in second- feet per square mile. 

Southern California . Area —On August. 31, 1924, a forest fire started in 
the San Gabriel. Canyon, north of, Azusa, Calif. _ The fire spread rapidly and 
7 had soon burned | over some ‘of the drainage areas tributary to the San 
Gabriel River (see stipled a area in Fig. _ 2). | Among these ; areas were those 
of ‘Fish, Rogers, and Sawpit Creeks. < The fire did» not reach the drainage 


basin of Santa Anita Creek. >. On each of these creeks the = Ss. Geological | 


Survey had been operating gauging stations for several years, in co- operation 
swith 1 the California ‘State ‘Engineer and Los Angeles County. Each 
wa s equipped with a water- stage recorder mounted in in a concrete house. . 


_ Measurements of discharge were made with a current - meter, and the 1 records | 


kept and published in the usual manner. 


jz the three burned areas that of Fish Creek “offers the best discharge | 
- in that there a are no diversions from the stream nor artificial regula- 


above the gauging station. On Rogers Creek there are two diversions 
” above the | gauging station. No ‘record has been kept of the quantity diverted, 


although the structures are relatively small. they divert. the entire flow 


during the summer. On Sawpit Creek the City of Monrovia diverts water 


above the gauging station. ‘The city has a series of tunnels” in the head- 
\ which is one of the main sources of the flow in the Monrovia pipe line. 


| For these reasons ~ Fish Creek was selected for the study. To establish 


— the effect of the fire on the discharge of this creek, it was necessary to deter- 


= the relation between its flow and that o of Santa Anita Creek for the 


4 The canyons both Fish and Santa Anita | Creeks are well defined by 


mountain divides and are separated only by the basin of Sawpit Creek. 


streams originate at altitudes greater ‘than 4.000 ft. om side 


@ of Mount Wilson drains into Santa Anita Creek. - Monrovia Hill, a peak of 
5 267 ft., separates the head-waters of the two streams, Fish Creek 
the east side and Santa Anita Creek the west. Santa Anita Canyon is 


= shaped; ‘Fish Canyon ; is oblong; a and the side walls of both canyons are steep 
and rugged. The drainage | area above the | gauging ‘station on Fish Creek a: 


«6.5 sq. ain, and that of Santa Anita Creek, 10.5 sq. miles. The vegetative 

cover consisted of a heavy brush ‘growth of sumac (Rhus and mountain 


mahogany (Cercocarpus -montanus). between the brush growth 
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were much: smaller 


7 


the bottoms of ‘the cany ons along the streams were 

syeamores and alders. areas are Angeles National Forest, 

g. Their prin- 


fre j in ap tripped the anyon walls of 
_ Fish Creek of all plant life and tree litter. Senne of the alders and syeamores 


adjacent to the stream escaped burning through tl the | efforts of the fire 

fighters. After’ the first rains in the following spring” a different plant. 
association ¢ comprising sage, wild flowers, and grasses developed, which tended 


*™ cover the soil left b bare by the fire. -. 2 the fall of 1930 little evidence of 
the fire remained | except that possibly larger or areas of white sage and “aa: 


ions 


gauging stations | on both streams located. ‘The stati 


Santa Anita Creek is. ‘ina rock gorge and, the crest of sm: all. waterfalls 
forms” the control. On Fi i h Creek, the control an “outcrop of r 


which was smoothed up by building a small “concrete dam on it. 


doubtful if a any underflow ‘passes either station. There are. no diversions 


_ above either station. — The ‘stream- flow data prior to 1927 have. been published 
by the U. S. Geological Survey * and | ater data are ti aken from ‘unpublished 
records in the Survey files, 


best rainfall records in this: general region are those 


OW ilson and | Santa Anita Ranger Stations. Both | stations are oper rated aa 


records y published by the U. S. eather ‘Bureau. As ‘it was not 
pated that a study of denudation “would be made in either area, detailed 


climatological and ‘other records, such as those “which were collected | with» 


ca eare and ac accuracy in the Wz agonw nwheel Gap area, are lacking for 
‘records of temperature were collected directly in the Southern Cali- 


fornia area during the first or second period of the study. At Mount W ilson, 
on. the western divide of Santa . nan Creek, the average annual temperature 


during the two periods was 55. ‘7° Fah r., and the daily temperature ranged 


Area A, Daily Discharge in Inches 


— 


of the Mount a 


- from about 100° Fahr. in summer to less than 32° Fahr. in winter. . 


Err ECT OF DEFORESTATION AND DENUDATION 


Off—tin the ollowing tables the period of record before 
es deforestation : and denudation is designated the ‘ ‘first period,” and the period 
record after deforestation and denudation, the “ ‘second period.” pre-— 
cipitation g given for the ‘Wagonwheel Gap 2) is the average 
Area A and Area B: that for the Southern California area is the precipita- 
determining the effect. of deforestation and denudation o on these areas 


it was first necessary to ascertain what the ‘Tun- -off of Area B and the Fish’ 


8 Water Papers 481, 611, 531, 551, 57 ? 1, 591, 611, and 631, 8. 
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_ Creek Basin would have been if conditions of vegetative cover had not t been 
changed by deforestation or denudation. Although the two contiguous areas, 


‘B at WwW Vagonwheel to be in many respects, their 


had a run- n-off as as 50% of a A during | the rising flood 
ng sta; Bee Fig. 3.) The 


stages one as high as 150% during the falling stages. 


nN 


j 


0.03 0.04 0.05 0.06 0.07 0.08 0.1 
RING 


a 


varied also the remainder of the 
agnitude of the daily discharge and the season. 


V ariations in discharge | ‘relations also occurred in the | Southern California 


on F ish and Santa Anita C reeks. 
ble to 


Ink view ow of these variations, the weitere believed that it was desira 
compute the probable. daily discharge for the period after deforestation ot 


‘This permitted a much 


denudation rather than t to rely on monthly figures. 
more thorough | analy: sis of the available data, 
The normal daily on Area Bo was” as determined by comparisons 
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“4 “the daily discharge on Area | A was plotted : against ‘th at at Area B. It wi 
found that the relation to a considerable extent 


-off ; of “1914, 1916, iad and that of 
1913 and 1918, the years of low run- “of. see daily relation was plotted for 


each o ! curve Ww then 


Ss 


ea A, Daily Discharge in Inches _ 


x 


Area B, Daily Discharge in 

RELATION DISCHARGE, AREAS A B GaP) DURING 


FALLING ‘Staces, M Ay To JULY, 1912 1917 


~ 


> 


of of and Area B 1e falling stages of May, June, and July” 


in the y years of greatest run- -off, and Fig. 3 represents the typical daily rela- 


tion during 1 and falling stages. Curves ere likewise drawn showing 


the relations” existed ser, October, November, 
4 December to and Ay and May. 


| | 
Papers 
— * 
n 
= 
a 
charge of Area A to the obtained by applying th 
noted that rea A to the appropriate curves, wit g the observed daily diss 
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was 

necessary to make an f or Ax rea B based on the record from 

the Southern C California area, curve were drawn showing ng the rela- 


Beef to the fire, for J: anuary to March, April, M ay, June, July, August, 


ri of and May to the 


pree ipit: oe in of snow, the 1 run- -off 

entirely different. reli lation. None of the seasons following. denudation | on 


Fish Creek: wi 1s comparable to 1921- 22, iting 
ale Table 3 shows the ‘monthly data. for the second ‘period and, in addition, 


the computed normal run-off, based on the relations previously described, of — 
4 Area B and F ish Creel Ik as it would have been had there b been no change in _ 


vegetative cover. he difference between the actual and the ‘computed normal 


‘yun- -off is also shown in Table 3. 


The valu 1es 1 in the last column of able 3: show that the maximum gain | on 


_ Area = occur ed the third year after deforesta ation and amounted to 2.141 in., 
3%; that there was a gradual ‘decrease for the remainder of de 
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Average Annual Increase Mp 


7 0.956 Inch= 15. 3 per Cent e 
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| Timber nein 


Gap, Cotonane 
iad Fish maximum 1 oceurred the second year after 
rela- — the fi fire and amounted to 3.12 in., , or 26 ‘per cent. The gain on Fish Creek the 


wing: fir st year after the fire was 2.47 in., or 231 per cent. 


Figs. 5 and 6 show the | accumulated difference in run- off of Areas A (and BE 
and of Fish and Santa Anita Creeks. during the first ‘and second pe periods. 7 
"The area in Fig. 5 represents an average annual increase of 


0.956 in., or 15. 3%, from Area B during the first 5 seven years after complete i 


deforestation. dashed line from 1920, to 1926 represents normal 
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August, 1982 FORESTS STREAM FLOW 


“excess. In Fig. 6 an average annual i increase of 1.5 55 in. , OF 28. 7%, is indicated 


from Fish Creek during the first ‘six years” after ‘complete denudation by the 
forest fire. On this diagram the dashed tine from 1925 to 

normal excess. 
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F RUN-OFF F orn FISH CREEK OVER SANTA ANITA CREEK 


Distribution of Increase in Annual Run-Off. —The opinion most commonly 


‘accepted is that the entire increase of run- off that. follows the yemoval of 

forest cover occurs during flood periods, and that. during low-water periods 
a the run-off is decreased. It was apparent, ‘therefore, that the increase during | . 
flood periods and ‘also during the remainder of the ‘year should be studied. 

floods oeeu urring in ‘the two areas studied are. very different in type, 
«4 ‘those i in the Wagonwheel Gap area being caused by ‘melting snow as a result 


q 


7 of high temperatures and oce casional warm light rains, and those in Southern 7 


‘California almost entirely from rain. Stream flow in the Wagonwheel Gap 
area is on the i increase from early April to a peak a about May 20, followed by 


a gradual decline through the remainder of May, : all of June, and the first 
part of July, 


Table shows the dates of disappearance of snow from Areas A and 


years ; before and two years after deforestation ; < the a average | date of Zi 
snow disappearance; and the dates of the maximum daily discharge. ‘ 
of ‘snow disappearance” is defined by the authors of W eather Bureau Revi 
Supplement Ne. 30, “the first regular observation data on which a trac e 
or no snow ‘recorded, that at no ‘subsequent date a depth 


during two 


“<= 


in, or “more was recorded.” een fifteen and twenty snow were 


These dates are pre wy to show 1 the lag between the disap nee of 


the snow and tl the peak discharge in the stream. These data and the reason-| 


2 able | assumption that there was no sheet run-off after the snow had gone are 
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AND STREAM FLOW 
basis for the made subsequently the heading “Maximum 
Daily Discharge, ” that “the gain is due to subsurface flow as practi ally all 


the snow had melted prior to the date of maximum peak.” 


Date Darz or Maxmom | or Dars 
DISAPPEARED | Damy DiscnarceE | BETWEEN 


“Ares B | AreaA Area B Area Area A | 


April 1 19 ril 22 | May 7 May 
May 25 May 2 29 June 4 June 6 
May 3|May 5 May 14 | May 20 


y May 5| May 23 | May 24 
April 23 | April 20 | May 11] May 15 s 


“4 


Seven years’ average t 


once the years of record in the Wagonwheel Gap area 
was there a flood not attributable ‘mainly - to melted snow, and this occurred — 


- during October, 1911, prior to deforestation. On the other hand, , the floods ~ 


in the area may at any time after rains, although 
the most usual time is between December and May. ‘A flood in the Southern 
os California area comes to a peak within a few hours after the rain and seldom | 
“lasts | more than three days. 


In this study the term, “flood period, is roughly defined as a period 
major - surface run- -off as distinguished from the period during which the 


streams are fed mainly, if not entirely, from sub-surface sources. Owing to 


the nature of the run- off in the California area.the flood periods there | are = 
well defined and usually extend over a period of a few days. | The run-off 
these periods” is usually greater than 4 sec-ft. the 
“Wagonwheel Gap area the flood period is difficult of determination, but that 
area has been a assumed to be i in flood when the daily run-off exceeds 0.05 in 
ove er the drainage basin, or or 1. 35 sec-ft. per ‘Sq. mile, a a rate a little less than — 
half the average maximum daily Tun- -off. On the average, *he period of 
flood ru run- -off thus determined « embraces about 25 days, generally from May 10 a 
to June 5, or somewhat less than 10% of the time. 
oe Table 5 shows, for both areas, the distribution of the difference between 
rt 
year. the maximum increase se occurred during 
7 the third year after deforestation. There was a decrease during the flood — 
i period i in the first and last years, and the principal increases occurred during 
the second, third, fourth, and fifth years. The» increase during the non-flood 


period lessened from the third year to the last, as would be expected. 
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‘Southern Cc falifornia area maximum increase occurred the 


year after the fire. 17 
in the first three ye: ea 


TABLE 5.—DIstRIBUTION | oF INcREASE oR DecrREASE, IN INCHE 


"Increase 

during 

of year 


‘Yearending | Total ecrease 
September 30| increase | } 


mt 


| 
| 
Gap AREA 


1920.........| 


Te da data of Table 5 show conclusively that the increase in run- -off after 


Increase or 


Your end- | Total” 
ing Sep-  auring 
increase 


tember 
|} periods 


SouTHERN ‘Cauir R 


1925......| 2.47 | 51 


+1.61 


85 


The jinerease during the flood period ‘occurred 


and wa as practic: ally negligible i in the last. three 
years. The increase during the non-flood period annually less from the 


Orr 


| durin 


remainder 
of year 


(0.96 
0.73 


+£0.08 | —60.60 


+0.15 
23 


—60.54 


the deforestation fire was not entirely to flood periods. 7 


the maximum in per ‘squar 


\BLI E 6. 


|= 


1912 
1913 
1914 


May 20 
May 1 
May 11 
May 19 
May 11 
June 4 
May 6 
May 6 


4.73 
0.97 
1.95 


May 22 
May 12 
May 16 | 


2°31 


1.33 


May 20 
May 14 | 3.03 
June 6 | 5.40 
May 21 | 0.35 
May 3.03 


Anita CREEK 


Mar. 14. 
Feb. 11 
Mar. 2 
Mar. 22 
Mar. 13 


Feb. 9 
13 
26 


Dec. 
Mar. 


a 


Datry DiscHARGE, IN Seconp- Frer PER SQUARE 


19 | 


A | 


Date of 


May 23 


May 13 
May 21 
May 20 
May 11 
May il | 
May 


Date 


Dis- 
charge 


Mar. 6 
Me 2 29 
April 
Feb. 


Dis- 
charge 


IS 


all 
— 
LY 
¥ 
| 
(1.5290 40.698 | 0.831 1926....... — 
— 425212 @:929 |] 1997-2525: ons 
1.195 +0.600 0.595 1928......| 0.68 
15204 +0:760 | 0.444 || 0.69 — 
0.310 | + 000. 0.310 |}: 1930...... 0.74 
@.019 | —0.008 | O.087 = — 
e4 
ea 4 vs that 
ds 
| 6.10 | May 24 1.42 wt 
2.16 | May 15 | 3.95| 1.83 
re 3.22 May 22 | 5.98| 1.86 , 
1915 2.16 1.01 || 1923 2.36 | May21 | 4.28] 1.82 
2.61 1.16 || 1924 2.96 | May 15 | 5.04) 1:70 — 
4.40 1.23 0.74 | May 11 | 1.08| 1.46 — 
he 1918 | 0.45 0.78 || 1926 1.12 | May 8 | 1.90] 1.70 ' 
CALIFORNIA AREA — , 
he 1918 7g) 2.04 
1919 0.95 | 35.2 
1g | 1920 1.59 865 
8 | 2.25 || 15.4 
1921 5 | 1.78 || 
1922 33 6 | 1.34 || 
1922 85 | 1.15 || 1.81 
1924 1 16 | 1.42 || 40 
| Mar. 10 | «2.67 | Mar. 10] 2360 
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+ conditions from the Southern Cal California area is more than five times greater 
the maximum daily discharge from the W Vagonwheel | Gap area. . The 


_ average ratio of the diseh harge of Area B> to » thet of | Area | A under natural 

conditions - was 1.19, and under deforested conditions, 1.65, an increase of 39 

- per cent. The average r ratio ) of the discharge of Fish Creek to that of Santa 


Anita Creek under n: atural conditions was 1. 55. Dering: the first two years 


after the fire the maximum ratio was as high as 4 1.7. Fo or the first four 


storms occurring ‘in the fi first year after the fire the average increase was about 
1 700%, based ona comparison of ratios. By the second year after the fire 
the ratios had dropped to practically —, 


the Wagonwheel Gap area the effect of the ‘removal of er trees was 


— to advance the date of the maximu: ma daily r run- “off of A Area B about three 


days. In the Southern California area, the fire caused no appreciable change 

‘in the occurence of maximum daily discharge. 


‘Fig. shows the actual and computed mal off, feet per 


_ Square mil , of Area B and F ish C Creek during the typical high- water period 
three years afte er deforestation denudation (April, May, and 


June, 1 1922, on Area B, and F ‘ebruary, March, and April, 1927, on Fish Creek). 


The shaded area represents the increase or decrease of surface rm un- -off. 
"clearness an insert is shown with an ex: rated time scale for few days 


during the flood peak in the Fish Creek area (FI ig. 7 T(c)). It will be observed 
that practically all the increase on both areas occt irred on the rising stage. 


During the falling stages decreases w were common. 
Maximum Peak Run- Of. — —In the foregoing ‘remarks has been 
: > ‘made to peak discharges. In the W Wagonwheel Gap area maximum peak diss 
charge results from melting snow, and » the ratio betw een ‘maximum peak and 


- maximum daily discharge i is slightly more than 1: cL Ina a semi-arid country, 
such as the Fish Creek Basin, the maximum | discharge depends 


- entirely on the rainfall. _ Immediately after the fire the bare canyon walls 
much more. conducive to run-off than the plant- that 


DISCHAR cE AND Me AN Day ARGE, IN 


ET ARE MILE, IN THE F ish C RE E K AREA, 


<7 7 Daily Peak | Daily | peak to 
dis- daily 
charge | charge dis- 


charge 


peak to 
A Date dis- dis- | daily 
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4 be 


char e 


Year 

charge | charge |  dis- | 


.|Apr 4 

../April 

1926-27..|February 16 

1927-28..|February 4 

1928-29. .|March 10 

1929-30..|January 15 


1917-18... |March 10 «50. 
1918-19.. "February 11 
1919-2C...|March 
1920-21...\March 3 
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°F - December 12 28. 
1923-24.. 
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existed prior to the fire. ‘The greatest was felt du 
after denudation. 7 This: well expressed. in Table 7, which the maxi- 


mum peak discharges for each year, together with the mean daily discharge 
for the same day. 5 


mS ‘During the first period the « average peak discharge - was 2.5 times the mean 
- daily discharge. In the second period, the first year (1924-25) showed a ratio 
considerably greater than would have e been | expected under normal conditions. 


In the second | year, th ‘the ratio. of the 1 ‘peak to the daily dischar, ge was greatly 
reduced, but still was. “was larger than any of. the ratios of the first period. 
a Summ er Run- Of. —Table 8 shows the run- -off for July to October for both 


areas for both periods. In the Wagonwheel Gap area the ratio of the run- 


off of Area B to ‘that of Area A for the first period was 0.93 and for , the 


TABLE to IN INcHES 


‘Waconwueen Gap AREA 


1.641 | 1.596 | 0.97 — 
.237 1.06 


.262 


.123 | 
1.394 
1.499 
0.965 
1.206 


| 1-206 


| & ‘Fish Anita Fish 


Second - feet per Square Mile 


Ratio 
Creek "SA Creek 
{ 0.13 43 || 
0.05 
0.57) | 
(0.09 
0.01 


arge in 


“Daily Dischi 


In the Southern California a area the ratio. of the run-— 


Table | 9 shows the increase for J to. October in the 


- period for both areas. p The average increase in Area B during the s seven 
years after n was 12%, and the average increase in the 
Creek area for the six years after th the fire w was ATS per cent. 


1 


— 1058 
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| 
kee 
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— ume 
| Area B | Ratio, 1c 
— 
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| 1924...........| 0.06 | 7 
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TABLE 9. 


, 


 INCREABE 
Inches Percentage 


Normal 


INCREASE 
discharge 


Year discharge 


Inches Percentage 


al and | the computed normal run- during 
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‘THE fam AFTER THE CHANGE 


“the change (1922 for Area B and 192 27 on | Fish | Oreck). . cross- 


area represents the typical inerease in run- -off during the summer. 7 
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| 


‘Fig. 9 shows graphically the increase in summer for both areas f for the 
entire period. This diagram s shows ‘the accumulated differences in run- oft 


for the two areas for the first period and the accumulated differences between 


the | observed /‘run- off and the normal run-off of both areas for the ee 
Daily on and Date e of Occurrence— 


SOUTHERN CALIFORNIA AREA 
FISH CREEK OVER 
SANTA ANITA 


“YOULL 


Average 
G7 Increase 


| 
| | 


Inch = 


or AREA B OveR AREA A AND OF FISH C REEK 
ANITA DURING THe SUMMER PERIOD 


California area. T Area A under 
a natural conditions was 


“ratio was 1.10, indicating an increase ‘ea ne off of about 12 per cent. _ Fish 

Creek was dry at times in four out t of the seven years preceding the | 


= ratio between the 1 minima on Fish Creek and Santa Anit ‘ 
n the seven years was 0. 32 : 


° 


_ After the 1 removal of the forest cover in Area B, _ the date of occurrence 


of the summer minimum ‘was ‘delayed about, five days. After the fire in the 
- Fish Creek 2 area the date of occurrence of the summer minimum was delayed 


more: thnamonth 


Wa 
wit 
“the 
‘Ins 
Under normal conditions, the minimum rate of discharge in the Wagonwheel 
WAGONWHEEL Gap AREA! | | | | 
AREA B OVER AREA A | 

12 —{—}—}\}_+_ AZ Wverage 

— 
Fic, 9.—ACCUMULATED E 191 
Gan area is hetween seven and eight times vreater than 1 the Southern 
192 
ree ase ‘off 
sil 
4% an 
th 
A 
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August, 
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‘Table 11 shows the minimum 


‘Wagonwheel Gap area. The average ratio of the minimum in Area B - 


that in A during the first ‘period 1.30, or 1.24 if 1915, when the 


winter minimum for Area “was abnorma 


l, The ratio during» 


the second period was 1. 27 indicating little if any change in winter minima. 
Inasmuch as the date of occurrence and to a large extent: the magnitude 7a 


was 


i, minima are a direct result o ‘of low temperatures no materia 


change 
to be expected. In the Southern California ar area winter temperatures 


are not sufficiently low to cause a of corresponding | low -run- -off. 

‘TABLE 10. —Miniwum Dison ARGE Durina IN SEconp- Freer 


Dis- 
charge 


1912| September 16 


4 D; Yes 
1913, August 31 
1914! September 8 


4 
1915| September 12 


September 7 
August 
September 7 

September 12 


0.279 


1920] August 30) 0.253 
1921] September 14 | 0. 
1922) September 17 

1923} September 11 


August 31 
September 14 
September 14 
September 11 


a 


1916, August 28 
1917| September 6 


1918) August 25 
1919) September 4 


August 28 
September 4 
August 1 
September 4 


1924) August 31 
1925 17 
1926 ‘September 10 


August 22) 
August 17 
| September 1 


>: 


0.232 
0.179 


CALIFORNIA. Anna 


Santa Anita CREEK 4 


Year) 
Date 


Date 


‘Dis- 


1925) July 19 
1926 August 25 
August 25 
1928, July 23 
1929} August 18 
1080 August 22 


August 18 
Septeraber 20 
September 12 


1919 July 1 | 0.01 

August 0.02 

1921; September 6 0.02 
September 25 0.11 

September 2 0.02 

= 0.01 


0.010 | 0.32 |Aver- 
age 


_ Erosion: W ‘agonwheel Gap Area. —In connection with the studies of run-— 


-earried by the streams of the two. areas ne near Wagonwheel Gap. During 
“first eight years average annual quantity: of silt. deposited in 

collection basin was 691. 5 Tb. for Area A and 5 568.5 Ib. for Area B, or 15 


~ and 2.85 lb., respectively, per acre. e. During the seven years after deforestation 7 


. the a average quantities collected wer w ere 477 Ib. from Area A and 3 340 Ib. from m 


1061 
— 
| 
el 
— 
| 
aia 
“a | 
0, 
Li | 0.350 | 
| | | 
Y Aver) | 0.226] ......... | 0.222 | 0.98 Aver- | 0.206 | | 0-287 | 1.10 
8 a i Year | | | oa : 
11 0.02 | 0.67 | 0.01 0.02 | 2.00 
PEK 2610 | | 0.02 0.05 2.50 
10.04 | 0.08 | 2.00 
| | 0.01 | August 20/0 il: 
11| 0.02 | 1.00 | 0.0 iy 210 | 
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— 
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increase in the ratio of ~The higher value represents a few 
shovelfuls per acre per year, and, as ieee Bates and Henry state,” bos dt 
“Tt is only fair to the present discussion to point out that even this large f 


quantity does not erosion in the commonly sense of 


As to the visible effect, they say: 


—— &T he erosion from the slopes was practically invisible except for one small ai 
gully formed from a skid trail, and even the erosion from this appeared to noe 
be largely deposited upon a leveled road, without’ reaching - the stream 4 wile 


TABLE E 11 | Datry DIscHARGE Durine W INTER, Seconp- -FEET 


— 
PER SQUARE Mite, 1 THE Gar. AREA 


B 

Date 


Feb. 28 


Feb. 15 
0.266 


1921 | Feb. 10 | 0.220 | Feb. 10 | 0.278 


Feb. 
Mar. 1 
Feb. 14 
Dec. 16 
Feb. 


0.207 0.262 | 1. 
[i 


: "a! Erosion: Southern California Area.—On Fish Creek the rapid run-off 


at 
during the first 5 year after the fire (1924-2 5) caused considerable erosion to 
S the side walls of the canyon. - Beginning December 16, 1924, a series of silt in 


samples: were taken i in connection with the current meter ssilt 
; at irregular. intervals by the . S. Geological Survey at each of the gauging — day 


stations in the burned area - Most of these s samples were collected a at times fire 


a when the discharge i in 1 the streams was at storm ‘stage. Fe or this reason the ~ da 


ad of the « canyon n into the stream, to such an extent that by December an 
7 


16, 1924 (three ‘months after the fire), the « entire stream bed had been buried. | 


Pt From a series of pools and rocky rapids, it had become a channel of more or [| 


Tess uniform cross- “section with a fairly uniform gradient, sufficient, to 


ties es of 10.5 to 9 ft. per sec. Under ‘normal | conditions this discharge would 
_ have had a velocity of more than 2 ft. per sec. As late as June 4, 1925, > 
_ when the discharge was 3.1 sec- -ft., ‘the mean velocity was 4. 8 ft. per sec, To 


this 1 uniform gradient. of the stream bed with the increased velocity is partly 
- due the rapid run-off and the unusually large peak storm discharge. a hy 


“made o on yn April 4, 1925, cat ¢ discharges of 105 to 74 sec- ft, showed mean 1 veloci- | 


ay — 
Owi 
part 
| par 
| ticle 
__raril 

a ee (| 0.109 | Dec. 17 | 0.216 | 1.98 |] 1923 | Mar. 18 | 0.225 | Mar. 15 | 0.273 | 1.21 — 
1916 0.182 | Feb. 0.227 | 1.25 || 1924 | Feb. 5 | 0.221] Feb. 6 | 0.283 | 1.28 
Dec. 11 | 0.188 | Dec. 15 | 0.266 | 1.41 || 1925 | Feb. 23 | 0.231 | Feb. 26 | 0.273 | 1.18 
1918 Feb. 28 | 0.178 | Feb. 3 | 0.248 | 1.39 || 1926 Feb. 27|0.191| Feb 6|0.214/112 
Feb. 17 | 0.180 | Feb. | 0.195 | 1.08 || | | | 
0.185 |... 0.241 | 1.30 |]Average.|........ 27 
| 
4 

Ss are apove 1e@ average tor 1e ire yYcar. t 
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Owing to the the stream and | velocity, 


‘part of the material collected in the samples consisted of the heavier par-- 
‘ticles which, ordinarily, would form the ‘rolling: load, but were then tempo- 


After the samples had been allowed to s settle wad te years the es . 


from: the because the settled first ash on top of it, 
In most of the samples" the division between | the e sand and ash was 3 well 
marked. The material called sand in T able ‘mainly of small 


irregular particles washed off the canyon walls. Included with the ash w was 


unburned | organic matter which usually floated on the surface. 


TABLE SampLes FRoM SouTHeRN CALirorNia AREA 
ig 


- December 16, 1924, 11:30 A. M.. 
16, 1924, 3:30 P. M.. 


20, 1925, 9 :20 P. 
April 7, 1926, 5:30 P. M 
me December 16, 1924, 12:20 P. M.. 
March ad 1925 
4 
ou nder ; normal conditions the erosion in sabi of the three areas represented as 


‘in Table 12 i is negligible. Prior to the fire there was practically no movement of 

silt on Fish Creek except during the storm run-off, and by the third or fourth a 
day after. a storm the water was practically clear. the first year after the 


. a fire the large deposit of silt from the burned- “over area caused considerable _ 
damage to orchards, tailroads, and highways adjacent to the In 


“little if a any ‘damage. By 1930, the: silt had been reduced to ‘almost 
and the ay appearance of the s stream bed was much the ee as before the fire. 


The to drawn from this may be discussed 
seven heads, as follows: 


—Total Run- Of. —F orests did not “conserve the water supply,’ because 


fter their removal there was an. increase in average annual yield amounting © 


15% in a mountain in Colorado and 29% in a Southern California 


of Increase in Off—Contrary to the widely quoted 


opinion the incr rease in run- -off is no t confined wholly to flood periods. In 


quart jars. As a rule the mouth 1 
— 
mall 
| 
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Ratio, 
=. 
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the ‘Wagonwheel Gap area and ‘the “Southern California a area, 

52% of the increase occurred duri ng the non- -flood period. he flow dur- 

non-flood period is derived from sub-surface storage. The increase 
the s 


- during n non-flood periods re sults from either (a) increased sub-surface flow and 

‘Storage; or (0) decreased transpiration; or (c) a combination | of both. th. More 
+ of the precipitation 1 may center storage after removal of vegetative covering 
for the following reasons: (1) Less interception by trees, undergrowth, tree 


perce 


litter, and humus; ‘and (2) faster melting of snow with corresponding 
‘in evaporation. The gradual lessening of the increase during 
“a ‘non- -flood period in both areas after t the second or tl third year may be a reflec- 5. 
tion of gradual increase in plant: er owth and corresponding increase the 1 

3.—Maximum Daily Discharge. —In the Wagonwheel Gap area there the 

an average increase of 46% in maximum daily discharge after deforestation. 
= gain is due to o increased sub-surface flow, as s practically | all the snow she ‘Sout 


the snow- w-imelting the in Area B uniformly ‘yeached a 


peak three days or more after that in Area A, but after the storm of October 

5, 1911, the peak in both areas occurred at the same time. — ‘This was the 

so- -called flood that resulted from ‘rainfall and indicates that surface 
run-off from both areas reached the gauging station at practically the s ‘same Bax 

time. the Southern ‘alifornia area the four storms occurring during befor 


the first year after the fire resulted in an increase of 1 700% 4, in the maximum — denu 


daily discharge. The peak discharge, \ vhich was ordinarily (2.50 times off 
maximum daily discharge prior to the fire, | inere: use to 16.2 times on “April” « 
1925, the maximum “pe: ak for the period of record. The floods in the mate 


‘The removal of. vegetative cov vering ng clearly increases normal flood heights. 
Beginning ‘in the s second year after the fire on Fish Creek, the flood peak 


discharges’ were practically the same as those which -oceurred before the fire 


Southern California usually result from rainfall and represent direct 


: (see Table 7), indicating th: at the new growth, small as it was, exercised prac-_ 
tically the same effect as the original cover in reducing flood crests. bad 


The gradual increase in vegetative covering on ‘the W agonwheel 
ea B after deforestation had little effect on the increase in flood Tun- 


Ares 


‘The earlier ‘melting of the snow in the W Wagonwheel Gap area resulted in 
4 an advance | of three days in the flood peak, a here r rain passes directly into 


- streams_ without en entering the e ground the flood peak for any small element of 

_ drainage area occurs so soon after the storm that ‘removal of vegetative cover 

‘ has little effect on the time element. In the Southern California area 1 the 7 


peak was advanced a few hours. 
-Summer Of. —It is. almost: “universally believed. that forests or 


ee + covering - will j increase summer run-off and shorten the low- water 


period through the exercise functions. belief is an out- 4 


‘standing fallacy in ‘SO > far a as these two widely ‘different areas are concerned. 
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“August, 1982 


“The summer flow (July to Octobe er) i in the W yagonwheel Gap area showed an > : 


average annual increase of 12% durir. the seven years after deforestation, 


a the Southern California area, an average annual increase of 475% during _ 


the six years: after the fire. The absolute average increase of off, in 

for both areas was practice sally the same. (See Table 7 The high 
ing percen ntage of i increase shown for Fish Creek the extremely 
ree os summer 1 run- -off of that stream under normal conditions. . This i increase — 

ing is probably ‘result in sub- storage: and decrea ease in 


lec- 5—Minimum Daily Discharge and Date o; with 

in: the increase in summer run-off there was an increase in the average summer 

minimum and the period of low-water run- off was considerably shorter ned. In 

vas the W agonwheel Gap area the average minimum was inereased 12% 

on. and the time of occurrence delayed about ays. . (See Table 10. In the 

‘Southern California area the | average minimum increased more than 

400% and the time of occurrence w as delayed about 30 days. 
—W inter Minimum —Deforestation | made no appreciable change in the 
low flows which occurred ‘during the winter in the W agonwheel Gap area. 


?.—Erosion .—FErosion results from surface flow. In the WwW agonwheel Gap 


area there was practically no evidence of erosion after deforestation, and this 
was to be expected because there was little direct surface ‘run- -off ei ither 


before or after deforestation. the Southern California are a complete 
denud: ation increased erosion as a direct result of the increased surface run- 


off. So far as the surface features of the Fish C Jreek Basin were concerned 
the erosion did not ‘destroy any present use. However, er, , deposition. of. eroded 


mate Ti ial and ash carried by the stre pams the fir: year after the fire was | materi- 


ally injurious to agricultural lands sand tr: \nsport tation rights of wa: ay 


below the canyon. . As it is clearly ‘shown in Tables 6 and 7 7 that the gn growth 


of new vegetative comeing by the second year after the fire was nearly as con 


effective in reduc ‘ing normal flood run- off as the original cover, it may well 

be argued that if the Fish Creek area had been deforested by cutting of the 
as in the _Wagonwheel G: ip area, without the destruction 


er, the erosion would have been practic sally the same 


‘Depuctions 


Tf the facts as — are generally applicable to other similar areas which — 
in their natur: al state support forest growth, then the hydr: aulic “engineer and 7 

Wwe ter ‘user must. weigh | such protective influence as forest ¢ cover may have 


24 7 in + Dv ering normal flood crests and in preventing or retarding erosion against 


the detrime nt resulting from deceased yield | reduced low- water flow 


during” the critical growing period. If the sn small growth that springs 


the 

_ immediately after deforestation or denudation exercises: practically the same 

“effect as. forests in rec 

without the detrimental effect which hank er is shown to on annual 
flow and flow during the low-water periods— basins where 

on ane in water supply are becoming critical or where abnormal expendi- 
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FORESTS AND STREAM FLOW 


tures have been made to augment water supplies, the maintenance of forests 
or reforestation for the ‘ ‘conservation of water supply” may seal an effect 
We The writers are lovers of forests and have a keen a appreciation of the value 
of water in the economic development of the U Jnited States. — ‘The value of 
the: forests as a source of wood for building material and other industrial 
Bsn and as playgrounds is alone sufficient to warrant their preservation 
and maintenance. ‘Scientifically determined facts apparently do not warrant 
their development solely for the conservation water. ‘supply. In regions 
_ where such supply is a controllin g economic fe factor, careful study is needed 
to. determine w whether the value of inereased water supply a and better- sustained - 
- minimum flow 1 which are shown to obtain without forests, does not outweigh | 
_ the benefits of lowered normal flood flows and decreased erosion produced by 
forests, especially ‘these benefits can be obtained by ‘shrubs or other small 
growth without the loss of. water occasioned by forest growth. 
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FULTON STREET, RIVER TUNNELS, 


» 


By Messrs. OLE SINGSTAD, F. O'ROURKE, AND H. H. HATCH 

OLE SINGSTAD,’ M. Am. Soc. E. (by letter) This paper is a concise 

well prepared a account of an. important and interesting construction job, 


well executed. Two outstanding features of this work are most impressive: - 


(1) The rapid progress attained in shield driving, which has established a 
Bod record for subaqueous tunneling in | this kind of f ground; and (2) the driv- 

ing of the shields through I Fulton. Street below and very close to ‘the foun- 7 
‘dations of buildings’ of considerable height, without underpinning» the 


and without: serious settlement or damage to them. 


filling ‘ereated the ‘cast: iron lining “in advancing “the 


: af It is also interesting to note certain improvements 0 over previous practice 
in in the details of the plant, such as the use of automatic or push-button ia 
vators i in hoisting - materials up and down the shafts. (an arrangement v which 
no doubt was prompted by the scarcity of labor and the | high wages paid at 
the time); and the use of a simple mechanical device for saturating 
hemp grommets with red lead. This device not. only” effected a ‘saving in 


i labor, but unquestionably resulted in a more thorough saturation of the grom- 


mets, thereby improving their v water- proofing properties. 
The erection of the shield on a cradle equipped with rollers also is a novel | 
ta: resulting in greater ease in erecting and equipping the shield and — 


are largely to fact that the as W as the City, had 
zations of construction ‘men and engineers in charge, | extensive 


experience: in tunnel work, and that the job was a an adequate 


 Novre.—The paper by Miles M. Am. See, was presented at the 
- Become of Construction Division, New York, N. Y., January 16, 1930, and published in | 


December, 1931, Proceedings. Discussion on this paper has appeared in Proceedings, as 
follows: April, 1932, by Messrs. H. J. King, S. M. Swaab, and Jacob Feld. 

fess 7Chf. Cons. Engr. on Tunnels, The Port of New York Authority, New York, N. Y. a 
‘Sie Received the Secretary February 17,1982, 
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ROU RKE ON FULTON T UNNEL, NE YORK, Ne Augu: 

O'Row M. Aw Soc. C. (by letter).“—In addition to this rising 

wo papers? in the ‘publications. ol the Society on the 

of river shield tunnels and their approaches. ‘The papers are all river 
w well wr ritten, fully ‘illustrated, : and treat the subject from two different points parat! 
Vv that of the owner’ s engineers w sho ‘supervised the work in the of cla 
field and of the engineer in actual charge the work Fitzg 


for the contr: actor. Tt would be well if ‘deseriptions of the construe tion record 


we 
of the numerous other shield tunnels under the Hudson River and the East also h 
a had been published by th 1e Society so that the growth of the art of were” 


shield tunneling. in Nev ew York City waa. be followed from one to another, 4 iver. 
brick. 


° 
including the views of the engineers and contractors. | At any rate the facts 
be of val ing -essiv by which shield § 
may be of value in s lowing the successive improvements by which shie 


ther m are g nerally known and short ences them 
tunneling has. reac ‘hed the high state of ‘development disclosed in Mr. Killmer’s Bridg 


xtremely lucid and important paper. wet Ma 
ank 


The first under- river shield in New ork City were the two bed 
ec 
the Hudson ‘River rf ‘The Hudson and Manh: attan Tunnel ) from Morton Street, 


Manhattan, to. Jersey City, N. (begun in 187 4). These wer were started as 
brick tunnels constructed without s shields" by the Haskins System, | which § 
od were af ater ch: anged to shield tunnels lined with cast iron. The brick tunnel Is were 

driver n through the cla: ay river bed with 34 Ib. of compressed air exe: ivating 
the neat size of the brickwork and lining the roof and sides of the excavation, § ,, 
as it progressed, | with light steel ‘rings, 30 1B. : wide, i in 3 and 6- ft. long seg- a 
that broke oints with those of adjoining rings. ‘This, ‘steel lining 


braced radially with timbers from a pilot tube at the center, 6 ft. in 


lining was built as e: ouch 15- ft. peters excavation was as comple The b 
ecal 
muck from the next 15-ft. le ngth - was filled into the last length of brickwork 
some 
to a little below the springing line (upon which the construction tracks were §. ~ 


sione 
extended), after which the remainder of the excav ation for the length was wens 


completed and hauled | to the shaft i in muck ears 8 draw n 1 by y mules. ‘It is sig- The. 


to support pend 

roun 

the ‘construction track give ‘fee the mules without planking, | 

and what follows on that subject. ‘all 


paper” on this tunnel by the ‘ate and Charles B 
"Brush, ‘Members, Am. Soe. relates to the work at the beginning and 
before the method of construction described herein had been fully developed. 


However, the paper many fac ts concerning the steel- plate rings. The 


material of river r bed through which passed, is dese ribed as 


a ®°“The New York Tunnel E ae of the Pennsylvania Railroad—The North River 
- Tunnels,” by B. H. M. Hewett and W. L. Brown, Members, Am. Soc. C. E.; and “The East kind 

River Tunnels,” by J. H. Brace, Fr ancis Mason, and S. H. Woodard, Members, Am. Soc. } 
- ese Transactions, Am. Soc. C. E., Vol. LXVIII (1910), pp. 152 and 419, respectively. 
“The River Tunnel,” Transactions, Am. Cc. E., Vol IX (1880), p. 259. 
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Wiliam 
rising from one bench: the other. Another paper” by 1 the late William 
Smith, Am. Soe. Cc gives further information regarding 
river bed and describes the ‘Mein tunneling methods in det tail. This com- 


- parative e solidity, of the : so-called silt, which i is in reality a sedimentary deposit 
a clay in horizontal lay ers, was § subsequently ‘confirmed by Messrs. Aims and 


Fitzgerald, and Superintendent, in: numer- 4 


by the writer’s in ofa “shield where these 
- being driven ee. part rock and clay near the New York side of the 7 
river. He ‘also had opportunities to > observe the clay of the river bed. at. 
- the Pennsylvania Railroad tunnels; at Haverstraw, N. -Y., where the clay for 
_brick- making is taken’ in great quantities” from be hind coffer- -dams in the 
river, the clay banks being like those. on shore; and also at the Poughkeepsie E _ 
Bridge during the sinking of the pier foundations. In all these cases 
7 clay was similar to that previously | described, through which the Hudson 


Manhattan: Railro ad Company’ tunnels were driven so that the entire river 


bed from New York to Poughkeepsie | may be said to. consist of a fairly firm | 


nde 


reet, 
ie and depe ndi ble. clay with a shallow covering of mud where the clay has been 


hi disturbed. Attention is called to these facts as showing the reliable | nature 

Lich 

of the river where undisturbed for the support of. tunnels” 

were 

~&§ and other structures with properly designed foundations, because there is i a 

widespres ad belief that the rive er bed is soft and affords only insecure ‘support. n 7 

The direct opposite . is true, partic cularly as to tunnels, which we eigh less than _ 


the 1 mt ate ris ‘ial they so the at them has le less load on 


tion, 


"4 


It 
‘Ho Hane surrounding the ‘directly 


became soft” and slushy for a few feet out from_ the tunnel lining wad 
some settlement as well as flotation of the tunnels occurred. This was occa- ; 
sioned by the ‘ground nc not closing i in on the lining a’ at the tail of the shield, but — 

maintaining itself for some time as a dirt tunnel of the diameter of the shield. 

par 
The we weight of the overlying ground and water caused arch stresses in the sur- “aa 7 

rounding parts greatly excess of the ordinary | compression 1 stresses when 
directly supported from below, and squeezed the firm clay composing the face 


This same clay when forced during shoves into tunnel through open-— 
in the | bulkheads, by hydraulic pressures exe eeding 100 Tb. per s sq. in. 


were 
was 


on the heading i in front of the shield , required 2 a foot on the spade to cut into 
it during removal. shows how firm the “clay surrounding the tunnels 


naturally is and that if immediate support wer e provided | for the tunnel and 
surrounding ground as the shield was shoved ‘(es ean easily be done), 


destructive are h stresses would be- e prevented a and the tunnel would be as 
free of either, settlement or flotation as were the brick tunnels in the s same 

kind of ground, where immediate support by the steel lining plates preserv ed 
the firmness of the clay u unchanged. 


Tunnel,”’ Transactions, Am. Soc C. Vol. (1882), Dp. 314. al 
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Hudson and Manhatt Railroad ‘ompany’s — are also of 
‘interest | because in them cast-iron shield tunneling wa was introduced i in New 


York City through the advice of the late ‘Sir Benjamin Baker, Hon. M. Am. : 


Soe. C. Certain ‘London bankers retained Sir Benjamin to report on 
these tunnels when they were considering a a loan to the ‘Tunnel Company, 
He learned that c on two occasions when | the air pressure in the northerly 


hat 
brick tunnel, extending from Jersey City | to o the middle of the H Hudson River, 
was reduced from 


the heading began to move into the aeak This was s stopped both times by 


rapid and effective bracing. ee he possibility that, on some future oceasion, 
when the air pressure might be lowered or lost, the bracing might - fail and 


the tunnel be filled with silt, seemed to Sir Benjamin too great a Tisk to 


ignore, and he advised | the bankers to make the use of shields a condition 
of the loan, which was done. _ This involved abandonment of the brick lining | 


and the substitution of cast- iron lining, which was the only kind known at 
that time that could resist the thrust of shield jacks, ‘The existing brick 
tunnels were entirely satisfactory in his judgment and subsequent events have 
justified this opinion. — The northern tt tunnel (the w estern half of | which was 
built of brick at that time and the eastern half subsequently built of cast 
iron) has been i in constant and satisfactory use > to its f full capacity for twenty- 


‘three years (since | 1907 ), and the brick and cast-iron parts are both in equally 


next shield tunnels (1903) were for the Rapid Transit 


Commission of New York South ‘Ferry, Manhattan, to Joralemon 
Street, Brooklyn, with approaches in Battery Park, Manhattan, ant Jorale- 


tunnels. and ‘approaches in New York at ‘the present. 


= after some delays and iit Henan, the troubles were corrected, the 
tunnels w were and have been g satisfactory service for 


“diate se settlement o of the street over the tunnels as the shields advanced, a a little 
later followed by settlement of the stoops and areas, outward from the build- 
ings. _ Later, the fronts of the e buildings | began to settle a and crack, the settlement 
of the ground under them progressing slowly to. the rear for several years, 
until the angle of rupture of the ground was finally reached when the settle 
ments stopped. By this time some of the buildings had moved out several 
az "inches into the street, spur shores against the fronts were frequently used 
until the settlements stopped, and a a number were so , badly cracked that the 
front walls had to be rebuilt. After years of litigation, the Court of Appea 8 
affirmed the verdicts for - damage to the buildings. and disallowance of the much § 
larger claims for contingent damages, s such as losses « of rentals and ‘inter 
ference with business. . The opinion stated in n support of this that the \ work 
had been done without negligence, that the ‘grout used to - minimize settle 
ment, while it was the best known method, had not entirely succeeded in 


doing so, and that the damages v were incidental to the character of the work. 
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19.--Norti oF OLD Snip, SHOWING | WHEE GROUT Was USED OUTSIDE OF 
oo LINING ALLOWING SETTLEMENT OF STREET OVER TUNNEL. 
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This 3 means that the best known method of preventing settlement, m must be * 


used if consequential damages are to be avoided. 
The shield tunnels undert aken after the Pennsylvania Railroad tunnels, 


across the East Rive tw from W hitehall Stree “Manhattan, to Mon- 
tague ‘Street, Brooklyn, and two from Old Slip, on the New York side, to 
irk Street, i Brooklyn. It was these contr: ts that, w 


introduce wed avel “pac to fill “the s spac ace left around the tunnel 


g by ‘the shields, | The contr acts specified grout for this purpose, paid | 


for | per barrel of cement used. After gravel packing had been tried for a 
short time and was found to prev nt visible | settlement of streets or eos 


the contracts were modified to substitute it for the: grout: 


‘ The gravel packing was as s first used in the riv er he: eading rs from the shaft at 


Slip 1916, about ‘two months he tunnels were 


beneath. | Gravel packing» wa 1s supposed to be e used from the beginning, but 


: the street settled about 6 in. for nearly 7 15 ft. W hen the writer went into the _ =. 


tunne it was found that, although the blowing apparatus and pea gravel 
were woke men did not understand the 


at the rear of the shiek ere firmly supported for the length of ring. 


When ‘the n next shove | was mi made the oper ration was repeated and from 


continued ‘until entire e space was in of top, 


bottom, and there was no further settlement. 7) 


In Fi ig. 9a white arrow s\ shows —: the settlement was s stopped at he 
tail of the shield LT he line marks the end of a piece ¢ of curb where the shield 
had not moved, of which the other end had settled 5 in. rom this point 
the curb did not settle perceptibly, a as the gravel packing, was regularly used 
with a success that was w armly appreciated by the tunnel men, many of whon — 


q had worked on the Joralemon Street tunnels and believed. shield tunneling a 


| Fig. isa view from the corner of South Street looking backward to the 
shaft at Front Street, Manhattan. % he sidewalk and roadway in this picture 


as far as the white arrow, remained without settlement. The line of the 


curb shows - ness in the sidewalk and pavement was there 
- before the tunnel v was s drive en. . N either view shows settlement in the atjeke: 


st, 
ing building as its pile foundations were carried on ‘solid rock. 
The same successful av oidance of visible settlement followed the « 


tion of the Brooklyn appro on Clark and Montague S Sects where the 


gravel packing wa: was faithfully performed. There was success in prevent- 


_ ing settlements i in in driving the tunnels =? ulton and \ Villoughby Streets, 


Grout was used in all tunnels from o one to three days: the 
gravel had been placed. The gravel packing was dense that grout 
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to kn 
at per ‘grout hole grout hose was exe this v 
_ vations subsequently made around the ‘tunnels for inter- er-track stations, the it 
on was usually found in large lumps in the ground where it emerged § and 
through the ; gravel as there were no holes or -eracks into which it could flow. ot le 
It appeared that when the grout came in -eontact with the surrounding ‘ground on hi 
that: the water was filtered from it, the sand and cement forming a lump tha - time: 


grew in size until _ resistance of the ground to further expansion of the — 

lump | caused a refusal of flow from the grout mixer r under a pressure usually 

about 100 Ib. yer 80, in. These lump s greatly compacted the ground sur-_ 


a collection of grout into lumps around. the tunnel, whic h was inva 


vase so far as the « exe avations: disclosed at the Clark and Montague Street 


of the empty space | around the tunnels was left unsupported In any | 
event were the character of the ground to permit the entire empty 
be filled with grout, it would be too soft for at least an hour to support 
7 overlying ground which usually starts t to settle at onee. 


Killmer states that the success of the entire tunneli1 


Bmw S 


- linked to the successful placing of the gravel packing, and that thie 3 wi as so. 


inter-trac < stations, goes far to explain the settlements already deseribed— abou 
when the Joralemon Street tunnels were driven.’ In that case grout alone --buil 
Was used, and it must have mi ade pockets for itself i in the ground outside the : “4 
grout holes and formed lumps like those described. he extent of lateral 
; compression of the ground by these lumps wa s limited, so that the | greater ae t 


_ well done that. only ‘a few minor cracks were caused in driving the tunnels. 
This latter fact ‘is very important r¢ egarding that contract as none of the high 
buildings was underpinned, | while | all buildings of seven stories or more were 


iat before the Montague and Clark Street tunnels were driven en past 


them, because the sec vurity afforded by gravel packing was. not then known, — 


An examination to- day | of underpinned buildings: and ‘those adjoining bee 


~ below the streets while the underpinning of the high buildings near the riv er 4 
extends 100 ft. below the street. The fact is that gravel packing prevents all 


_ but a very slight settling of the ground as aw hole along the tunnels, whic h 


in ‘some cases the “walls of the small buildings extend 10 


WE, 


% levels show to be uniform whether the buildings be high or low, so that under- 
4 pinning is “unnecessary, as was proved on ‘Fulton Street. 


ok It was a \ great pleasure to read Mr. Killmer’ 8 compact and comprehensive 7 
“paper. Its modest tone does not obscure the fact. ‘that | the organization that 
did that work is entitled to the greatest credit for ‘skill, , energy, and care, 
4 which, when all the difficulties are taken into account, _ make the construction 


a H. Haren,” AM. Soc. 00. (by letter).” “—The au 


his subject- matter thoroughly; that is, contractors? problems and plants 


connection with his” instructive dese ‘ription, it would have been inter 


Engr. in Chg., Cobble Mountain Reservoir, Springfield Water-Works, Westfield, Mass. - 
#4 Received by the Secretary May 14, 1932 
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know also about the enginee ering problems, quantities, and unit 


It always pays to 1 the necessary precautions for the safety of life 
nd the expedient, progress of the work, especially in in constructions of more 7 


or less risky nature. Sometimes a contractor tries to ‘vet by” with plant 
on hand and without making the necessary preparations for emergency. Pod ‘ 


_ times, he succeeds, and often he has’ “hard luck” which results i in loss of life, 
time, and money. Mr. Killmer , however, to have taken the necessary 


— for any emergency with respect to his equipment wail personnel. 


- Tt is interesting to note that the many tall buildings near- -by ‘the tunnel oe 
could be in place without settlement ‘and without any ‘support other 


than a maximum air pressure of 48 lb. p per sq. in. Disregarding the disturb- 
ance of the original ground in driving the shields, it means that a force of 


about 3.5 tons per sq. ft. was sufficient to balance the reaction of the tall 


Evidently” the results of back- fill with: ‘pea gravel were satisfactory, as 


“no building s settled or suffered injuries more than minor cracks.” 
‘alii 


oceurs 
to o the writer, how ever, that the more uniform the 3 material sizes the higher = 


is the | percentage of voids; and that if there is any variation in . the particle 
sizes. of the gravel, or if pea gravel is mixed with sand, before being shot into 


openings outside the shield, the back- fill would” become more “compact 


due to a smaller percentage of voids. It is , desirable to know the maximum 


minimum pressures used in shooting the pea gravel back of shields, 
a More information on the grouting would have been w welcome. 


experience on various a 


or 
work ¢ can be obtained with neat cement than with a an admixture of sand. Ze 


form sand pockets near | the of the e grout pipe eventually 


Ing a rock tunnel with concrete lining, it is possible to compute ‘the mini- 


‘mum quantity of grout necessary to fill the voids of the conerete. 
To this amount, , of course , should be added ‘the estimate of grout necessary to 


seal up the rock seams, if any. ¥ It has be en found that the grout, will — 

and that the excess water, ‘especially i in thin ‘mixtures, 


, will occupy space, pro- 
vided the pressure does not drive it away. Often it is this excess water that 


will find s spots in the ‘concrete lining and | seep through, thus. guiding 
the engineer in locating : at least the outlet of water. from voids for addi- 
tional grouting. It is questionable whether, in shield tunneling, the quantity | 


of grout can be estimated in advance. It would be instructive to know just 


what methods were used to make positively sure that the 
complete. Were there any investigations or attempts to determine whether 


‘additional grout could b be forced back of the shields after the —a 
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WIND. BRACING “CONNECTION EFFICIENCY 


Discussion 


a. 


> in Fig. 3(c), is d distributed as a tri: angular load on the length, C, is untenable. : 

The surface upon which this force is is presumed to be distributed is steel _ 


- against steel and not steel against any y other softer material. “The overhang- 


ing length, ¢, isa cantilever a1 and will take the form of of a cantilever d depending | 
_ upon its load. it is inconce ‘ivable that the surface of the column steel would 


such as. cause this distribution « of load. It seems to die 
_ writer that the force, R -S, should be considered a concentrated load and that 


there must be some ‘elongation of the rivet due to the lever action of the 


In Example 1, the assumption that the flange of the T acting as a beam i is 


“fixed at the rivet presumes an infinite force in the rivet or a deflection of the © 


verhanging length, in “the direction of ‘the force, R-S. ‘This deflection 
of the overhanging end seems impossible of attainment under the | conditions. 


a a In Fig. 7(b), if the heel of the upper angle is pulled away from the column 


face as indicated, , the structural beam must have rotated about the point where _ 
- the lower force, S, is applied, and the horizontal leg of the upper angle would | 


have turned downward through the same angle - with the top surface o of the 


2 
structural beam. Then, does not and (5) an and do 


4 Also, if the structural beam is rotated, the horizontal ising of the lower angle 


fore, te for ce, will moy downward a certain ‘distance, depend- 
ing on the stiffness of the angle leg, and ‘the value will be somewhat 


_Norg.— The paper by U. T. Berg, Assoc. M. Am. Soc. C. E., was published in = 
* a 1952, Proceedings. Discussion on this paper has appeared in Proceedings as follows: 
April, ig: 32. by Messrs. David Cushman Coyle, William R. Osgood, O. G. Julian, Harold 8S 
Richmond, and Robins Fleming; and May. 1932, by Messrs. L. EB. Grinter, j 
ae oy): Sandberg, N. A. Richards, Jacob Feld, Dana Young, and A. J. Wilcox. 


Structural Engr., City Bldg. Dept., Oakland, t 
Received by the Secretary 4,1932, 
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1932 ‘DALTON (ON WIND-BRACING CONNECT! 


In Equation (11), A, is the only | A that needs 1 to 
structural beam is. assumed to extend at least to the face of the column in — 
moment equations, and the horizontal leg or stem of the connections is sub- 
stituted for, and is approximately equal to, the immediately adjacent parts 
the top and bottom flanges of the structural beam. Tf horizontal parts 7 
of the connection are approximately ¢ equal in n area to the adjacent parts of the — 
top and bottom flanges, A, and A, are of in the I 
There is one action, where a continuous- slab floor is po , that 1 may y tend — 
— to relieve the bending in the ‘connections due to gravity loads, and especially 
that due to to live loads. | ‘When a beam is bent the tension side becomes longer ? 
and the compression side shorter. bi: Therefore, if the slab y will hold the columns — 
a constant distance apart, a force is set’ up at the column face in line with the 
jer flange o of the beam. (See Fig. 24. this action actually e exists 


~ 


le. 
e] 
at 
he 


and 4 to. what extent it ‘may be depended 1 upon, is very “problem- 
atical and the idea i is only presented ith thought that it or 
may not be found useful after inv estigation. 

this discussion appear too critical, writer agrees. Ww ith Mr. Berg 


in his conclusions that t designers s should not neglect the effect of gravity loads 


on the connections, and should strive for better balanced connections, and a 
better analysis of joints. Although he believes more logica 1 basic assumptions 


F - might | be made, the paper is a forward step in breaking away from the rule- 
thumb ‘methods of the w rought- ‘iron age. 


Further | tests on typic val joints ‘should be made with special reference. to. 
i action of connecting angles and T’s under stresses below the elastic limit. 


Tests beyond the yield point, or to failure do not give much information on _ 

distribution of in a structure if the members of the structure 


are working at a ‘stress below the elastic limit. 
J. Got LD, Assoc. M. Am. Soc. C. E. (by letter the Synopsis 


oof his paper the author states that where. wind eianieialiaiies are provided, the 
effect of vertical loads on these connections as well as their adjoining members 
should not be neglected. : it ‘is common practice, however, to pay no atten- 


Structural Engr., with L. H. Nishkian, M. im. Soc. C. E., San Francisco, Calif * 
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GOULD oN WIND-BRACING CONNECTION EFFICIENCY | 


id wind e onnec- 


Step 1 —Design of a for ertical Loads.- —Beams and 
a statically determinate system; that is, the connections 

tween and columns | are and frictionless. The 

beams. The atic the material ‘according to. "Hooke’s ‘we 


Step 2. —Design of a Structure for Horisontal Loads—Beams and 

- columns § are designed as a statically indeterminate system; that is, the connec- 
_ tions between beams and columns are assumed to be rigid. The columns and © 


rig 
take 1 moments as well as shears. Hooke’s as under 


4 comparing the principles ‘the analy sis 


under Steps 1 and 2 2, the of the routine appears to be 


De 
to freely, while in the next step. for another kind of lo yading ‘this 
joint i is converted into a rigid connection. 


Some engineers are raising the question ‘as to what is happening to 
— joint when gravity alone i is at w work, and are led to assume that the conflict. | 
~ between the different assumptions ean be reconciled because steel hi has an addi- 


tional quality, namely, ductility. It is claimed that the s eel fra 


adjusts itself. ound 


In looking honestly into into these problems the explanation i is given that the — 


referred to, takes place i in 2 the connections and that ‘ 


The writer that at present the ‘of con- 


“nections have been placed within reach of a sound analysis. Tests made 


W. M. Wilsor n, M.. Am. Soe. C. E., and Professor H. F. Moore have demon- 
strated that rigidly connections fulfill their for any ‘kind of loads 


writer understands the present building practice, it is quite ‘sufficient al 


“| overstress some particular part of a structure, , generally the wind connections, 


make t the steel malleable, thereby raising the elastic limit, and the structure 


_ ‘The: anna of the ductility theory have not availed themselves, dur- 


the past half century, of the opportunity to their 
Transactions, Am. Soc. C. E., Vol. 89 (1926), p.1. 
“Tests to Determine the Rigidity of No. 104, Eng. 
Experiment Station, Univ. of Illinois, Urbana, Ill. 
Transactions, Ai Am, Soe. E., Vol. 89 (1926), p p. 1213. 
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take definite adv ductility ina design, systematic 


“than ‘speculative “assumptions. ests of connections, built to the 


ductility theory, and subjected reversible dynamic forces, 


suggested, 
* 


> It ¢ appears to the writer that the major adjustment of as struc ture does — 

not take place in the connections or in the | property of the ‘material, but in. 
actual 


al factor of safety of a structure. In other words, if a typical 
"structural steel frame were built without any load- resisting: wa alls of fire- 
proofing; if it) were then loaded vertically and | horizontally to the extent o: 
the assumptions and designed along the routine as outlined under Steps 1 
and 2 2, hi ave an actual factor of safety considerably smaller than 


that caleu ulated.” heoretically, such a a frame would in efficient unec 


4 


Maximum Ultimate 
000 Ib. ul 


regions whee a structure is never called upon to deliver its ultimate 

strength ‘apacity, this condition | is apparently of little consequence to the 
investin ublic. ‘It also does — seem to bother, ‘seriously, the conscience _ 

put 


of professional structural engineers. > 


The problem, however, becomes magnified i in countries where aaa Sl 


or hurricanes are expected. such building public 
ed in maximum protection for a minimum cost. It a 


Transactions, Am. Soe. C. E., Vol. 89 (1926), p. 1485. =o 
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Discussions: 


be apparent that the owner of a building is entitled to a a str weevenel frame in 
which the elastic > limit of the material is not exceeded before the disaster | 


occurs, and that a a safety m margin of : a building should not be assumed in the 


steel frame while actually a a great part of it is in the _ -proofing and masonry 


ail In | the ae tem of earthquakes | on buildings one of the few definitely known 


e bending moments and shears at the beam > 
piers ‘column joints. In steel structure as a continuous elastic” 


frame for vertic al loads, the savings made. in. the beams are placed in = 
4 


connections and coh umns This will make + far more » immun 


from earthqui ake damage with about the same amount of investment, or ve 


little more, than could be done according to the present: design practice. 
It is not to suggest that an eng ‘ineer should apply to all strue- 


an addition to Mr. paper, "Fig. 2 
; case 3 in which the relative value of r rivets. and bolts in ion. a te same 


4 


- diameter, were tested. ‘These tests were m: ade. by L. H. Nishkian, M. Am. 
. Soc. C. E. Of all the tests made, the rivet had an ultimate strength ot t about 
40% (without breaking) greater than the bolt. 7 It is pwn esting, furthermore, ; 
to note that the half I- bes am suffered great deformations. in the direction 
parallel to the web (Ay ‘Fig. 25). 1 Reference is also made to the author’s 


‘Fig. | 3(b), « concerning which the statement is made that the flange cannot act 


__ Undoubtedly, this ~— is true for most of the cases. It is possibl e, 


< however, that where long rivets are used, the e elongation of the rivet under 


"normal stress condition, will prevent the outer edges of the flange from bear- 
7 ing on the column flanges. — In these cases, the flange will act as a cantilever. : 


The writer would recommend that in conjunction with the theoretical, 
c discussion of. the author, full-sized tests of half I-beam connections be made, ] 


dies: 


in order to verify their safe loading capacity so as to keep their — 


factor within that. of the structure as a whole. 
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DISCUSSIONS 


atic: ow 
‘the 
wy By Messrs. DENNIS, N. KELEN, FORD KURTZ, AND 
es wel. W. TEFFT 
same 
nore, as Tarey ‘Wz Dents," M. Am. Soc. LE. (by letter)? "—The paper by Mr. 

ction 4 inderli er presents a strong case in support the proposition that ams 
hor’s | are potential sources of danger, that they should be designed with sk kill a 
t act care, and ‘that they should be reviewed by some independent agency. i 
A hey supervision. of the work by the State provides such review by an agency | y that 
sible, 7 is outside = domination of the ow: ner er and t this i is is a strong argument. ode 

inder U nder ‘ “Legislative rends,” ” Mr. "Hinderlider states that while sound 
bear-- ciples have been developed in the design of almost all conservative types of — in 
lever. dams, there is ‘still some diversity of opinion regarding theories that affect 
stical ‘the safety. of huge. masonry dams. This emphasis and that expressed i in 
nade, nection with the dam failures in Table 1, show that although the superv vision 


by the State presupposes that the engineer “knows all about it,” there are — 
still many, many things in connection with the design and construction of 
dams that the | engineer ‘(speaking broadly) does” not know as yet. If the 
State i is to ‘Provide supervision of. design and | construction and of ‘mainte- 
nance and nd operation of dams, is it not the duty of the State to provide the 

necessary y additional research whereby its officials can carry on and can develop a 
research problems that are far beyond the financial ability of any individual _ 
corporation, or technical society, or any agency except the public treasury ?_ ail 


knows what the behavior of large masses of. concrete may is 


C. E., presented at the meeting of the Power Division, New york, N. Y., January 16, 1930, 
and” ‘the paper by M. C. Hinderlider, M. Am. Soc. C. E., presented at the Technical Ses- _ 
sion, Sacramento, Calif., April 23, 1930, respectively, was published in January, 1932. 
Proceedings Discussion’ of the Symposium has appeared in Proceedings as follows: 
March, 1932, by H. deB. Parsons, M. Am. Soc. C. E.; April, 1932, by Messrs. William P. 
Creager, M. M. Y Fiucastatees, N. A. Eckart, R. C. Johnson, F. W. Hanna, and Joel Dd. 
Justin; and May, 1932, by Messrs. I. C. Steele and Walter Dreyer, oe AL Noetzli. 


N. Ww. Hawley, and H. K. Barrows. 
Chf. Civ. Engr., Southern California Edison Co., Los Angeles, Calif. 


by the ‘See cretary March 21, 1932. 
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NIS ON PUBLIC SUPERVISION OF DAMS Discussions 


in n which the Dihinatin ts are in excess s of, say, 100 ft., the fact has hans estab- 
 jished that many years pass before the ineherent temperatures, due to the 


4 setting of f the concrete, will have been entirely dissipated. &E ingineers do not 


know what is going on in huge masses of concrete. ew 


Tf the State E ngineer is to be the supervising with the necess: 


e State as evn u 

a I £ . 
geste lee legislation i in ¢ connection with this ‘subject seems t to have required 
the invocation of the. theory of the police powe r of the State. 7 = hat, there- 
fore, makes the legislation in the interest of the public safety. _ From that 


Z premise it follows that the only authority that can be given to the supervising 


‘officials, i is that which | comes in admini stering their duties in the interest of 
the public. safety. Their authority is 


rited. The w riter takes some excep- 
tion , therefore, to Mr. Hinderlider’s recommendation that the law should — 


authority to‘ “pass on the design, construction, ‘maintenance, and opera- 
tion of all dams and reservoirs of a certain minimum height and capacity’ 


(see Conclusion 1). - Many of the recommendations are acceptable, if there ; is 
added after each | one, ‘ “so far as the public safety is involved,” but the writer 


~ eannot agree that the supervisory body should be given blanket authority to 
exercise control over. these, things regardless of whether « or not they involve 


A Consider t the ‘Yecommendation (Conclusion, 6) that the law 


authority to. “exercise supervisory contra] during construction ar 


The financier who is asked to sabia an an application for the necessary 


funds | for a new project examines the estimates of cost and cannot talee excep- 
“4 tion to the condition whereby the State may impose changes in plans and 


% specifications before the work is begun. Revised ‘estimates may be made asa 
result of such changes" and examined before the project is authorized. Tf, on 


4 the ‘other hand, the State official has the authority to change ‘those plans and 


Bee sgn from pcele time, at his own n will, and for Teasons other than 


Mr. Hinderlider’s on Item VN, of what supe ision 
not include, contains the gist of the writer’s attitude, namely 
“State supervision should be limited to the approval « or dise of 


plans and data presented, and the authority to require 


‘insuring the proper degree of safety, ae 


Dr. _ N. Kevex™ (by letter) “—Convineing proof of the. necessity 


licensing _and supervision of. the “design, construction, and operation 


r of dams by the State is advanced in this - “paper. State supervision is neces- 


sary for two main reasons. In the first place” hydraulic establishments are 
 2%Cons. Engr.: Privatdozent, Technische Hochschule, Berlin-Charlottenburg, Germany, 
Received by the Sec 8, 
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P 


public” utilities; each artificial interference “with né _stream flow 
touches public interests and can have consequences that are more or less 
noticeable both above and below it. For this reason in in most ‘countries 
the State is the proprietor of all bodies of water. In the second place a dam 
creates a certain menace to life and property in the region below it because, : 
as correctly emphasized in the Symposium, dams differ from other engineer- 7 
ing structures inasmuch as their failure may cause an enormous ‘catastrophe. — 


Some years ago it was estimated that the failure | of a dam designed by the 


writer would involve the certain death of 10 000 people and (since densely 
populated industrial districts would have been . destroyed by the ensuing flood 
wave), a property loss impossible t to estimate. Considering possibilities, 
the engineer hesitates to take “over the sole responsibility for the structure 
especially since many points in theory, geology, and construction of dams 
‘not yet quite clear. Mr. | Hinderlider’s Table 1, concerning the failures of 
293 dams and their causes, is valuable and highly interesting. 
— Tf a central governmental | bureau takes over r the supervision of all dam 
“ construction beginning with the approval of the general design and including 
operation after completion, the technical safety of dams is s guaranteed. Fur- 
thermore, it is possible for such a bureau to collect many data on the subject, = 
which could be used successfully in further construction. The systematic 
eollection application of these experiences: details that 


cannot be recommended too strongly. The writer could enumerate many 


instances: in which » the same errors were repeated because the engineer who 
designed the dam, or the manager of building operations, was not aware ‘anal 
For example, it may that to save money the exami 
nations were not sufficiently thorough and, consequently, 
began the proper foundation could not be 4 found or was found only at a 
: greater depth than was expected, so so that the costs for the e dam were -consider-— 
ably higher than calculated; or, possibly, the dam site had to be reflooded and» : 
abandoned because the foundation was totally inadequate. Other cases have 
occurred in the \ writer’ s experience, in which the dam was finished and opera- _ 
tion was begun, but i in V which it was as impossible to raise the water to the meces- 
sary level because the reservoir was: not tight enough and could not) be made a 
water- er-tight artificially. In these cases the result w was a useless 
an empty reservoir, and considerable sums of money were spent for nothing. | 
‘Unfortunately, such experiences are gained only through one’s own practice 
or indirectly, as in most cases the most valuable experiences this nature 
are n not ‘published. a Only a continuing State control would enable the collec- 
tion, systematic use, and dissemination of information concerning the design, a 
construction, and operation experiences of this nature. After all dams of a | a 


country have been placed under State control , it is possible to o arrange an 


exchange of experiences. hus, every country 


spillway ‘years | or even decades of systematic measurements of 
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fall, water, ev and it is in nature of things 


that these “i o be made by State agencies. | This is also necessary because 


all measurements must be based upon the same point of view. ns The “correct 
dimensions of the spillway are among the most important requisites for the- 


safety of dams. This” is of speci ial importance for earth dams, which are’ 
‘never allowed to be overflowed. In Table’ 1, Hinderlider shows that 159 
ee the 293. dam failures (that is, more than 54%), are earth dams, and ‘the 


prineipal cause failures” is be dimensions of 
the: 44% 


struction of dams can impair entire’ 


4 rational use of streams and d thus er create consider ‘able loss to the nation. ia ' 


By requiring that measuring instruments be arranged i in all newly con- 

structed dams the State can contribute considerably to the safety of dams 

the future deve elopment of dam construction. To clarify some of ft the 


moot questions that affect the safet ty and economy of dams, it will be n neces- - 
sary not. only to iz astall such instru nents, but to arrange for continuou 


observation. The « deformation of the stru eture must. be obse rved constantly 


the: trend of the interior temperature ‘must be followed; strain- gauges must 


arranged f. for measuring stresses ; hydrostatic uplift must, be measured, etc 


A sufficient number of such ol obser vations and measurements: can clarify theo: . 


retical ‘questions ‘still pending, with | the result that dams can then be erected 
more safely and ‘more ¢ economically. by ity, 


fro 
Of course, State superv ision should not ina allowed to lead to a bureauc ors tic 
rigidity and to hamper the free development of personal initiative. Under | 


strict ‘observance of the principles of safely, each person who has anything 


do with design : and construction must be privileged to make 
- proposals, because this is the only way to promote a 1 living. technical agency. 7 
Out of their ‘cumulative experience, the personnel of the central bureau for P| 
dam control will provide the faets that will 1 furnish, the basis. of the real 


One ean conclude from the foregoing that it is reasonable to summarize 


these principles ‘and to ‘publish them as a building -eode. he opinions o of 
— colleagues differ as to whether or not such a code is necessary. — Indeed, dif- — 
ferent opinions justified | by differe ent local conditions. small country, 
such as Switzerland, which « can be easily surveyed and where conditions are 
rather homogeneous, can most probably dispense with building code for 
dams.. Larger countries, such as the United States, however, with greatly x 
scarcely without such codes s. They should be m: rade 
uniform for all States, at 
quake hazard, that typify the different the ‘States, « in be 
taken into in the specifications. It would be best perhaps to publish 
uniform regulations | that are valid for all States s and ta to issue supplements for 
States or State ‘groups in which special conditions require them. 
In Germany engineers ; have long been’ the opinion that such r regula-. 
tions are absolutely necessary “since they are of special importance, with 
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‘regard to national economy as well a as to safety. sie ‘The > responsibility for their | 
publication comes under the domain the various States, be cause the dams 
are regulated by the various agricultw 
may be justified, but ; technically ‘it ame be : more reasonable to issue. a code, 
‘the entire country. In effect, the new Prus: russian regulations: for dams will 
be adopted as authoritative for all Germany. a. The old | Prussian regulations 
dated 1913 consequently y are antiquated, because dam construction, 
especially y since the World War, has undergone great, ‘unprecedented 
State control in Germany has been so effective that (although the dams 
not have excessively large far, not one 
failed. Me There are fifty dams more than 2 


one structure has 
5 5m. (82 ft.) in height. Dimensions 


of a few of the more representative types are shown in Table 2. ‘The highest 
are: T Bleiloch Dam (Item the Edertal Dam (Item 2); 


the 


Schwarzenbach D Jam (Item 3). _The highest e t earth dams are: The Sorpe Dam 
(Item 4); and the Sése Dam (Item 5). Thus far, Germany has. ‘no arch dams ae 


because the valleys are too flat and, therefore, unfitted for the erection of 


‘such, dams. German engineers, howev er, Tecognize the fact that arch dams 
the safest, of. all types. The éhrenbach | Dam (Item 6, Table is ‘the 


‘Toran Heicut 
Reservoir 
capacity, | 


in acre-feet | 


In meters 


ee! ere 
In feet 


| 
219 


Concrete. . 

Masonry 

Concrete 

000 


| 


Into account all that become available, from whatever 
The German expression, “Talsperre,” applies only to “storage dams.” 

others are | called “W ehre,” 
‘distinction between these two. 
annot always be made absolute. 
typical overflow 


are 


Ww hich is translated ‘ dams.” The 
types causes great, difficulties in practice : and 
With regard to their construction movable 
o avoid all possibility | of ‘misunderstanding, © 


Prussian Water Law defines storage | dams_ as. structures with a height 
above stream bed of - more ‘than 5m - (16. 4 ft.) and impounding more than 
100000 eu. (81 acre-ft.) Other structures. are considered as 
storage dams if their failure would involve ¢ considerable | damage. ‘This sup- 
plementary definition shows clearly the purpose of the regulations for dam 
building; that is, the guaranty of the public safety. Certain exceptions, 
- regarding t the foundation, are admitted for non- ‘storage dams. — Whereas 
a masonry dam must be founded or on unyielding rock, mas masonry 
may be founded on alluvial soil, sand, grav with s 


gravel, etc., 
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ON PUBLIC | SUPERVISION OF Discussions. 


Tt must, be emphasized that ‘the new Prussian regulations for dam build- 


_ The official title 4 
_ They developed by a committee consisting of ‘ten members, 
including | ‘the writer. _ T he work required a session mn of ‘fifty full days. While 
these instructions are all based on experience in Germany and elsewhere, | 
the fact is ‘stressed t that they are meant neither as textbooks, nor as inviolable — 
: ‘specifications, but only as instructions to _ which the officials who have the 
power of supervision and ‘approval of the projects, may hold. | ee : 
instructions include thirty- five pages» and the fol- 
lowing eight main parts: Definition of a dam; preparation, form, and subject | 
of the design; ‘technical | and 
tenance by the owner; State supervision of construction and approval; State | 
supervision of operation and maintenance ; and example of instructions to 


the | dam superintendent. 
‘ee 


six pages. The following types a are Gravity 
buttressed dams, and earth dams. These types are considered as main type , 


of ¢ course, the construction of other, newer, dam types is not excluded 


was only i impossible to consider them because ‘in the course of the last few 


years a number of newer types have appeared, the construction of which had 
aa _ Regarding foundation conditions the “Code” stipulates that masonry dams _ 
| 


must be founded on rock and it requires, in order to secure increased. safety 


against sliding, that the toe of the dam be ‘propped directly a against a steep 
step of the solid rock. ie The usual grouting is recommended and instruments 


the measurement of the hydrostatic ‘uplift. must ‘be installed. 

Arch dams are permitted only i in mountains in which sites may be selected 

geologically reliable, “sound, and inflexible rock. For dams with a 

height of more than 30 0 m. . (98. 4) the “Code” recommends: that the computa- 
tions be checked by experiment. with a model. Suggestions are offered for 

the calculation of stresses due to hydrostatic pressure, , dead weight, tempera-— 

ture, , shrinkage, ete. highest allow: able -ompression stress 

one- -fourth the compression strength; ; and the maximum tension ‘stress to 
one-third the tension strength. — When reinforced concrete is used, the latter ~ 


value is raised to. one-half the tension strength. Compression and 
must be ascertained by 90- teat cubes. is that verti 


the shrinkage i is complete, posi in ‘alt weather. In ‘this. 


The “Code” also contains descriptions of calculations and detailed labora- 
ion of earth dams by the hydraulic- a 


engineers are not ‘ee ‘convinced that. dine constructed 
way are sufficiently safe. 
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1982 KURTZ ON PUBLIC SUPERVISION OF DAMS 


M. Soc. C. by letter). 
“his complete. agreement with the following ‘salient in N 
—There i is necessity for introducing 
sounder judgment, particularly the latter, in the design of dams; 
- 2.—Critical defects in dams that have failed have been avoidable 
38.—Such avoidable defects can be eliminated almost entirely with 
4-——With human nature— ‘constituted as as it is, control from within 
 5—The value of State supervision will lie only in requiring an 
"independent, review of the design, thus insuring the application of more 
than one mind to the problem. © The construction and | operation of Aa 
great dam should never be left to the judgment of one man, no matter | 


_ 6.—Those in supervisory capacity on behalf of the State Govern- _ 
ment must obviously be the peers in technical experience and judgment ; 7 


43 The requirements set forth (6) and (6), which are the 
7 - indispensable elements of “effective > regulation and control,” ” can be met only 
through a permanent State Commission of competent engineers, , not less 
than six in number, appointed by the Governor of the State and approved 
by the State Senate, the State Engineer to be an ex officio member of the 
Commission. Decisions should probably require a _two- thirds vote, those 
dissenting being allowed to present minority op opinions. s. All administrative 
and routine work would be carried out by existing agencies, but the e absolute 


authority would res rest t with the Commission. 


No useful ; purpose will be served unless the State Government brings to an 
the solution of these problems men of skill equal to or greater than the il 


of those employed by the owners. | _ Therefore, it ‘is of the utmost importance i 


ss that authority be | given to a commission rather than to a single individual, 


as t the State Engineer. The ommission must be chosen from com- 
pet tent men active and ‘prominent i in their profession. Obviously, such men 


-eannot be precluded from 1 practicing their specialty in the State e which they 7 

_ serve, but the writer can see no reason w ley they need be thus precluded. If 

a judge i is interested i in a case directly or indirectly, he does n not resign from 

the bench. He ‘simply Ww ithdraws from his judicial post a as. | far as that case 


ls concerned. _ There is no at all member of the Commission 


a 


in a project 
Of the three features—design, construction, first 


and last without question can be handled efficiently by a competent Com- 

mission. The second fea ature presents much greater difficulties and the 
“occasional inspection,” ’ which is suggested by Mr. ‘Markwart, would not only 

be inadequate, but might be dangerous. Proper” supervision of construction 


would r require (at least on major projects) the residence of a Governmental 


Hydr. Engr., The J. G. White Eng. Corp., New York, N. Y. 
Received by the Secretary May 12,1982, 
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‘TEFFT ON PUBLIC SU PERVISION OF DAMS Discussions: 


Construction problems must often be settled quickly. Unless 


the Inspector is a a man of qualifics ations equal to those of the Resident Engi- 


_ heer and the Construction Superintendent, his decisions will be of doubtful 


Care must be taken to see that the Commission is not — 
into designing the dam. It must pass upon designs only and, if they are not 


approved, it must indicate the general basic | reasons for disapproval. ‘Dewi 


of methods of correcting disapproved features should be left to the owner’s _ 


fective regulation and control,’ such as outlined briefly herein, will be 


valuable to the owner, and therefore he should p: pay for it and pay liberally. — 


Only by the of to of the 


accept duties. ‘should pay some, but cer not the major, 


As pointed out by Mr. Markwart t, appeal to the ourts in lways remain 
as ; the owner’s right. That cannot be taken ¢ away from. him. | It would be his a 
‘safeguard against an. incompetent or “political” Commission. ‘It is” 


not practicable to codify rules for the design, construction, and maintenance. 


every activity y affecting: safety y of life property and be 
subject to State ‘supervision. ‘The ideal condition ‘presupposes availability 
of infallible public servants having expert knowledge of the ‘subjects under 


“their supervision. - If these ideal conditions could be attained, 1 no doubt State 


mat Unfortunately, it will | be difficult, if not impossible, even to” approximate 


this under present political conditions. The great ‘difficulty will be to find 
who have adequate experience and knowledge to fill the require- 


en 
‘The : safety of dams will not be ‘guaranteed by 


entrusting n to “young Civil. Service employees who ‘may pass 
“adequate -examiné tions. after coming freshly from universities, 


‘to act as aides to the State Engineer. 


hes 


Under ‘the practical application of such an act, instituting super-— 
vision of dams, plans prepared by some consulting engineering office having” 


~ command of a lifetime of « experience, would be placed “under criticism, and 
subject to amendment, by junior employees having only occasional or book 
knowledge of the problems u under consideration. This would not t necessarily, 


oeceur always, but undoubtedly it would happen inn many cases. Tt would 
o abandon altogether the con- 


i State engineers must exercise e authority in many branches « of engineering. 7 
Iti is possible, but not often the case, that the State Engineer is also an expert | 


7 _  % Cons. Engr., Vice-Pres., Fargo Eng. Co., Jackson, Mich. Mr. Tefft died June 24, 19% 2. 
by the Secretary May 16,1982, 
Proceedings, Am. Soc. C. E., April, 1932, p. 686. 


adde 


— 
Aug’ 
— j nth 
| whic 
auth 
unde 
to a 

perh 

iItd 
rege 
—desi 
car 
7 “a of | 
not 
ine 
Ste 
wi 
“wo 
> 
is 
4 
da 
6 
= 
4 4 
As 


in iin thiitama and construction of dams. The p problem | — be referred to 

_ special department in the State Engineer’ ’s office. _ Disputes would arise in 


the or owner's engineers would be overruled State 


i _ Such conditions — exist in large corporations, and will be accentuated 
unde State supervision. ‘The Corporate or State authority, if desiring n¢ not 
to act on its own responsibility, is quite apt to call in some outside expert | 
perhaps less familiar with the subject under ‘consideration than its originators 
or designers, 4 with the result that there are more delays, changes of unwar- 
ranted nature, extra expense, ete. In a recent case a $250 000 spillwa ay was 
outside expert and dict ated solely by general considerations 
> to 9 the 1 region in n which the amended structure was located. 
supervision are by the state of 
design of dams. great “many elements entering into such 
1 are matters of experience, and wide div ersity of opinion exists.  Struc- 
tures s bui ilt for private » undertakings are necessarily planned with the utmost 
economy he expert consulting specializes all his life 
dam design knows, « or. - thinks he knows, how far ¢ economy in design ¢ can be 
without endangering the structure. The State supervisory body 


on the other hand would be inclined to be ultra- conservative, partly because > 
7 of lack of long and exclusive experience, partly because the - very ‘object ‘of its _ 
interference is to guarantee safety only. E conomical consider ations would 

in 
not be the primary “guide of the public. supervisor. Disputes. would. be 

inevitable. Projects: would be hampered possibly entirely abandoned. 

— On the other hand, changes ordered for the purpose of increasing r safety 


might have exactly the opposite effect, as previously mentioned. In a given | 


State there | might be two outstanding consulting engineers having amine 
would chosen 1 to > supervise the dame of that State partly | because of 
politic ‘al activities. . He has designed eight or ten dams, two of 
failed. The other consultant has is had 1 to do with about seventy — 
designe d dams built mostly 0 on 1 earth, no one of w which has failed. The point 
is s that there: e is” more risk to safety in n choosing the “supervisor. than in n the 
3 dams themselves as. now being built throughout the United ‘States. On a 
percentage basis: the failure of dams” is very small—less than any 


and in all 


other business i in which m money is invested or lives are jeopard 


~The design of dams is at present not an exact science. The 
Electric Light Association appointed a sub-committee to gather “experience 


with different types of dams.” T his Committee compiled replies on a ques: 
tionnaire pertaining to the onion involved in the design and constru 
_ dams. . The answers received from bout twenty- -six of the leading porn 


of dams in the United States showed the wide diversity of opinion among 
experienced engineers relative to many questions of a fundamental nature 


“involved in the design of dams of various types 


Progress Rept. of Sub-Committee, Hydraulic Power Comm., National Elec. Light 
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iscussion 


mulate a State code. for guidance i in » dam 
des existence. The principles fol- 


the. of dams successfully, the critical examination of pr srojects by a State 

_ Examiner » will be based solely on personal judgment. ‘This contains so many 
~ elements of uncertainty that the net effect will be to delay and ha per the ; 
Many for hydraulic as irrigation are at present 

Possible extravagant changes in 
wee will cause them to be abandoned © 


altogether . Dams for domestic water supply are more often able to bear 
additional cost that can be charged for in a higher rate for water. large 
a. umber of private irrigation and power projects, which have been in success- _ 

ful operation for many years, if required to be designed according to Govern- 


= standards, would never have been built. The ‘old Bear Valley D am is 


a The « cry ox governmental supervision £ dam design is largely a matter 
of public hysteria, unwarranted on the of. sate losses caused by 
4 failures ; among these structures. : In the last fifty years there have been | ra 
t two cases of dam failures ‘the at have attracted nation- -wide attention, namely, 


the Johnstown and the St. Francis disasters. Such ea cases should not. be per- _ 
mitted to recur, but ‘State supervision can scarcely b be expected to as a 


= e yo sible solutions. if a aie cannot t be ‘made to cover 


guaranty. Under an ideal Government it might sO act, under existing 
4 political conditions in State Government, the public suy supervision of dams would | 7 

merely impose additional hardships on a branch of enterprise already hard 
pressed by competitive ve and economic conditions, “without offering the com- 


-pensating guaranty y of any "better results ‘than are now attained under private 
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By MEssrs. R. E. BALLESTER, ‘AND T. P. PENDLETON 


R. STER,” Esq. (by letter).™ “This paper deals especially with 

‘map production by stereo- -topographic methods and by photogr aphs- taken either 
from the air or - from n the g ground. #F or the designing engineer who 1 uses such | 
maps the precision or cstaieny tak it is possible to attain with these — ~ 
writer had the opportunity to order the ‘mapping, by the stereo-topo- 
method from ground stations, ofa stretch of river with steep slopes, 

and to compare the precision attained with of ‘Precise leveling with the 


Argentine Republic. 7 the map ¥ was design 
4 for correction of the location of. a dam and appurtenant works. — ‘The extreme — _ 


“Instituto Geografico Militar” (Army Department Argentina). While 


field” work \ was prepared and executed to map on scale of 
000, the final map was traced wi ith the stereo-comparator to 500, 


_ difference in elevation was 100 m. (328 ft.). The work was performed by = 


An independent field out three profiles crossing the river 
at the proposed site. These were compared with profiles taken graphically at 
same location using the stereo- topographic map. Comparing the three 
sets of profiles, from direct leveling ‘and from— the map, writer derived 
the following v values, in metric mean error in 
plan: 


-  Nore,— —tThe paper by C. H. Birdseye, M. Am. Soc. C. E., was presented at the —— 


ing of the Surveying and Mapping Division, Sacramento, Calif., April 24, 1930, and 
published in January, 1932, Proceedings. Discussion on this paper has appeared in 
Proceedings, as follows: April, 1932, by Messrs. Theron M. Ripley, O. S. Reading, and 
_ Lowell O. Stewart; and May, 1932, by Messrs. F. H. Peters, W. H. Crosson, Dwight F. 
of Applied Univ. of Buenos Aires, "Buenos Aires, Argentine 
. ‘ 
by the ‘Secretary April 9, 1932. 
detailed description is given in La Ingenieria, Buenos “Aires, Vol. 35, No. 
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in which, ma is the mean error in altitude ; mp, the mean error in aa and 


a, the slope of the ground: 

aking for a, the mean value of 35°, corresponding toa slope of on 15 5, 


1 mean error is =+ 0.41 m. and mst 0.57 m. both for the 1: 


» This precision was quite sufficient and satisfactory for the design of the- 
spillways, plant layout, etc, The writer believes that a topographic 
besten w ith transit: and level would not have resulted in the same hesionn and 


sion attainable by the “di of reo- m: 
di ferent scales. This w vill encourage engincers who cannot té ike the time 


to study stereo- topographic mapping in to ‘select this. me 1ethod, which, in 


time, and ; accuracy over the 


P. Pexourn rox," Aw Se fen. (by etter). new method of 
some n this paper. — It calls for consideration 


“mapping. is described in some detail i 
on the part of engineers and others having need for topographic maps, and an 
e it may be that i increasing famili: arity with it will aid in clarifying an unfor-— 


Consideration of Colonel Birdseye’s paper will reveal that the introduc- 


of stereoscopic methods of ‘Mapping into modern practice emphasizes 


“the fact that topographic mapping is a task for the specialist. The principles _ 


which such methods depend have been well developed, and although the 


various instruments | differ widely i in their manner of solving the problems 


: involved, it can be s stated that when properly used they are ¢ capable of produc- 
ing excellent m maps. The cost of the equipment is relatively high : as none 
but the highest grade of workmanship \ ean be tolerated | and this quite eff 

: tively bars the small engineering organization from possession of instruments 


. 
of this type. The method also demands personnel trained in its v ‘use and, a at 


_ present, such men are not generally a 4 
= few statements regarding the e differences in in ie American and European European 
- of attack on the problem may not be out of place. The aeroca ‘ograph, 


which i is described in eonsiderable detail, has" many y points of resemblance to. 
some other European stereoscopic mapping instruments. It combines in ‘itself 


all the functions necessary to transform information ¢ contained i in the aeri ial 


photographs to n map form. This makes for an instrument of considerable 
‘wesley, with many “optical and mechanical parts in motion when it is in use. 


Thus far, the only American method in use was devised with the idea of 


Pct up the work into its various essential steps and designing for each 


Received by ae Secretary ‘April 14, 1932. 7 é 
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ugust, 1982 PENDLETON ON STEREO- ~ 
one a simple rugged instrument with few moving parts. It was felt that 


method of attack was more from a of view 


purpose. 
_wear and the need for adjustment. 
- Another essential differ ence is in the character of the various optical parts. . 
It is desirable that ‘the two. objective lenses the aerocartograph ‘match 
closely in their characteristics the lens used in the aerial mapping ee 


‘When this i is accomplished any faults s in the camera lens are compen- 


on the the other hand, ‘the process by 


Messrs. Arthur and Norman ‘Brock makes use of lenses i in the aerial cameras 
and office instruments that are selected lar gely for their freedom from dis 
tortion. Consequently, every photograph is practically a true ‘perspec- 


tive | projection of of the original and no compensation for « errors in the original 


of photog aphs to = is ‘to seck lenses in 1 which 
" the distortion has been eliminated if the aerial negatives to be used a are not 
“true point- -to-point representations of the earth’ ‘surface. The only method 


‘ «thus far devised of gr: isping and retaining such ‘a view is in the ‘use of glass-_ 


plate negatives on which | any motion of the emulsion that occur is so 
slight that it can be ignored. he is for this reason that the Brock process — 


makes use of glass plate negatives. rather than roll film. - Thus far, it - has not _ 


possible to coat a film base that would retain’ ‘its shape satisfactorily. 
Beas have been made — with more or less suce ess to secure a base that 


uniformly, with: changing and it 
1. No informa- 


tion 1 has eo) come to the w rriter, howe wever, to indicate that success in 1 this direction 


Co 


in which the accuracy requirements are mot 


ean be used satisfactorily , but at the most it is scarcely to be hoped that 


they will excel glass negatives in so far as freedom from change in sk epe is 


= Since aerial photography will play an important part in mapping methods 
the future, it introduce another controversial point into” the discus-— 


sion of what constitutes a good topogr aphie map. here is a w ide divergence of | 
' _ opinion on the part of engineers and the faculties of technical colleges’ on ae 
- ubject Indeed this. ‘difference of opinion extends further, as there is the 


_ same lack of agreement as to to the manner in which t the actual mapping sur- 
should hel — out and the type of to 


il 
d 
ns 
— 
d, 7 
re § frees the manufacturer of the necessity of securing lenses highly corrected in | — 
a 
| 
m 
id 
C- 
= = ; 
| 
| 
= 
4 
n 
ail 
hy — 
il 
am, 
. . 
and geodesy, but only a few devote enough time to these subjects to enable # 
_the student to judge of the merits of the various mapping methods. 


PENDLETON ON STEREO-TOPOGRAPHIC MAP P ING Discussions — 
and varied questions are continually arising which demand for their 
proper solution information that only a topographic ‘map can give. These 


problems may be entitled to no greater “we eight, howeve r, than many others — 
in ‘some major engineering study. The engineer in charge is 


quently at P loss to know what ty pe 0 of map is most suitable and the method 


Pore 
to ‘be followed in making the 1 necessary surveys. This is not surprisi ng, as. 


‘topographic mapping, in common with many other branches . of eivil and 
military engineering, is as specialized subject demanding instruction not DE 
' commonly g given in colleges, and which the engineer r engaged in general pr: ace a - i’ 
tice has but little chance to acquire. It frequently happens that the 
need for the map is s felt a transitman will be diverted from his usual work _ 


of staking out structures, or of subdividing real property, , and will be assigned 
to map work calling training only” acquired by topographic engineer. 
As a result, he uses what instruments are at hand | regardless of their suita- 


bility for the p purpose and applies methods differing but little from what he 
would use in performing his usual work. 


‘The result i is frequently unsatisfactory because the map suffers from 
_ improper ik: ‘of methods and a lack of. understanding on on the part of the | 
engineer as to what constitutes good map. ‘Sometimes, it suffers 
faults that can be traced to false ciimiaiabinn sail frequently, it must bear ‘the 


burden of unnecessarily high cost due to of untrained per- 


‘and the of what may the ¢ engineer’ topo- 
_ graphic sense can only be acquired | le working with and subject to the friendly 
-eriticism of 1 men who have developed this ability to a high degree. per- 
sonnel of this training is not available it is advisable to request the aid of 


case, whether it by one of. the n new stereoscopic or by 
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AMERICAN SOCIETY OF ‘CIVIL ENGINEERS 


"DETERMINATION OF ‘PRINCIPAL STRESSES: IN 


“AND GRAVITY DAMS 


M. Neumov Assoc. M. Am. Soc. letter development 


of the method of of “computing stresses in “hydraulic "structures: is presented i 
this paper. It consists essentially of evaluating certain coefficients of . a poly- 
nomial stress function and of solving for the value of this function with 


various values of a. The author deserves ‘special credit for application 


of this : method to dams curved in plan and to tapering buttr esses. His method a 
is based 0 on the linear distribution of one of the thr ee unknown stresses. ae 


problem of the internal stress distribution arises mostly in connection 


with the following structural members, of which the cross- sections are large” as 
in re relation to the length: B Seams fixed at one end, or cantilevers; 4 


beams” fixed at both ends; beams restrained at both ends, either 
or curved. The first class will treated in the present discussion. 
The writer wishes to complete the ‘author's study by outlining briefly the os 


present condition in the art of stress determination in gravity dams and also =o 


by arriving at equations deve loped by the author from 1 the general equations 


q Equations for stress cantilevers, triangular in 1 shape 

loaded with a uniformly increasing “pressure e beginning at the -erest, were 
"derived by Levy? by Fillunger.* For the uniformly 


load indicated, the str resses are Tinear as shown also in the author’ sE xamples- 
1 and 3. . The: stress distribution in the cantilever of triangular aj and trapezoidal — 


shapes: for the uniforn n and uniformly varying pressures vas determined by 


Nore.—This paper by W. H. Holmes, Assoc. M. Am. Soc. C. E., was published in Janu- 
ary, 1932, Proceedings. Discussion on this paper has appeared in Proceedings, as follows: 
May, 1932 by Messrs. W. J. Stich, Hakan D. Birke, Dirk A. Dedel, Fred A. Noetzli, and © 
Senior Engr. “of Hydr. ‘Dept. of Public “Works, Sacramento, 

by the Secretary April 30, 1932. 


ant 2 Comptes Rendus de l’Academie des ie, Vol. 127, p. 10, 1898. 
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NELIDOV ON STRESSES IN BUTTRESSES AND G GRAVITY DAMS 

Galerkin. The formulas for the are very 

~ complicated, so that te practical purposes" the linear | stress distribution may 
be used. W hen the sides of the cantilever are e not par allel, or when its | profile 


is curv ilo the linear stress distribution for one of. the three unknown 
stresses is the only one that ean be used. — In all the foregoing cases the 
influence of ‘the foundation on the stress ss distribution is disregarded. ; 
The gencral equations of equilibrium of an element within a homogeneou 1s 4 
body of a thickness, rectangular co-ordinates are: 


in which, we is the unit weight of the element acting parallel with the vertical 
axis, Y; t= F (aa y); Sy is the vertical normal stress; sz, the horizontal normal 
stress; and, | v is the shearing -stress—all for the total width of the body. 
a Norma lly, a third equation of compatibility should be | added in order to. 
- solve for the three unknown stresses. With. the assumption of linear stress 


distribution for one of the unknown stresses the compatibility equation is not 


af 

Oy 


‘The of ‘the functions, f,(y) and f, are obtained from 


conditions. the stress, sy = pt, i is comparatively simple function ¢ of 
‘and y, Equations” (118) and (119). can be integrated directly; if not, the 
approximate integration be used. the -jinear stress distribution | 


sy, Equations (120) and (121) become: 


wel de de fi (y) firma] +h 2 


_% “On the _ of “Stresses in in Dams and 1 Dams and Retaining W taining Walls with Trapezoidal Pro- 
file,” by Prof. Galerkin, reprint from Proceedings, Leningrad Inst. > & Wags and 
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August, 1982 (ELIDOV oN STRESSES BUTTRESSES AND. GRAVITY DAMS 


in these equations, 2 is the distance the origin of co-ordinates to the 


ue For the approximate integration, p stresses should first be computed on wine 


+F. 425) 


er tic “all the 1 nu umerical data and epee integration 


(124) and ( 428) become polynoms with numerical coefficients sand. 


with 2 as an independent - variable, hese polyn noms: are exactly the same as” 
those derived by the ‘ee 


‘The first of the following two examples demonstrates the case in| which © 
the direct integration | is possible. The second. example i is made with the aid 


Example 1. —Using the data in the author’ 8 Example $, 8, let the x ratio of 
buttress | spacing 2 to buttress. thickness be J; = 12. ‘Then (in ‘pounds per per ‘square 


n m “Te 


| 
| 
ay 
— 
| 
he 
J 
= 
0) 
ir 
— 
q q dx + fe (y) = 0 
Pa 


In | a slab and buttress dam (F ig. 26) let the vertical face | 
be 1 ft. thick, the down-stream batter, 0.7; the water surface at the crest; ‘the 
the height, 20 ft the spacing of the buttresses, 12 2 fs the thickness of the | stresse 
of the 
should 


‘sl 


\ 


buttresses, ft. te, =) 44; and the unit: weight 
stream face, p = = 69.5 


28 x - 0.0738 and p = 8.71 — 0.0831 a* — — 0.0017 
ise: 
Fora>1 q = 16.05 + 3. 328 — 0.0738 2%, and = 51.92 0.0831 a 


IPAL Sn TRESSES, 


im 

— 

‘ 

= 

| 
a 
Table 3 gives the values of the stresses and the computed principal stresses. | 

32 | 88 | -$8 —16.4 
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follows tek foregoing that at which 
the slab and the buttress join is dangerous from the stress viewpoint. ‘The 
stresses at | the “neck” change to high values rapidly. This i is especially true 
of the case with the inclined face. Therefore, either reinforced haunches 
should be provided or the sliding support for the face must be used. This 
also ‘shows the importance of the investigation for the internal stresses | — , 
the structures having sudden changes in the area of the base. be 


he 


7 
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-WIND-BRACING IN STEEL BUILDINGS | 


PROGRESS REPORT OF SUB- COMMITTEE NO. 31 


COMMITTEE | ON STEEL, 
OF THE STRUCTURAL DIVISION 


Discussion 


MESSRS. CUSHMAN’ COYLE, P. WIN Nc, A. 


J. D. GEDo, V. A. VANONI AND M. P. WH HITE, AND 


OF SUB. 


rT 
AV 1D an M. Am. Soc. ©. FE. (by letter)”*—The 
_ comments on the stiffness of tall buildings may help to illuminate some of = | 


questions put forward on that subject by the Sub-Committee. yo 


relation between frequency of vibration and the weights and known 
characters of all the New ork buildings tested, Indicates that the funda- 4 


- mental note is by far the the most. intense ‘of the various frequencies. Fe or 

ens purposes - the belldine acts like a simple cantilev er combined with a a 
simple drifting frame. ‘The elastic curve e apparently has no nodes in it, but 


its real shape i is beyond the 7 power of mathematics to unravel. 7 Tests : show, as 
_ one would expect, that there is a sharp break i in the curve eat a a large step- back — 


ter of joint stiffness, accurate of drift, effect of 


_ similar factors which can only be treated mathematically with “the tongue i 


The general formula mo 


_ NotTe.—The report of Sub-Committee No. 31, Committee on Steel, of the Structural — 
Division, on Wild-Bracing in Steel Buildings, was presented at the meeting of the Struc- 
tural Division, New York, N. Y., January 21, 1932, and published in February, 1932, 
Proceedings. - Discussion on this report has appeared in Proceedings, as follows: May, _ 
1952, by Messrs. L. J. Mensch, Robins Fleming, Rudolph P. Miller, C. M. Goodrich, Albert 
Sonith, Hugh L. Dryden, L. E. Grinter, P. L. Pratley, Frederick Martin Weiss, and | 

Cons. Engr., New York, N.Y. 
‘tie Received by the Secretary April 12, 1932. 
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ust, 1 


useful in ing general features of (= 

= 
and m is proportional to the weigh 
the stiffness ; —is the a and m is proportional tot the weight): 


(1) The fr f the stiffness, and 
varies inversely | as “square root of the weight. 


Q) ‘Fora given weight, the frequency varies as the square root of the stiff 
ness, and amplitude varies inversely as stiffness; the refore, the maximum | 


a given wind, being proportional to amplitude times frequency 


acceleration in 


(8) Amplitude is independent of w veight ; therefore, the only way to reduce 
the a acceleration in a given design is to oat weight near ‘the top. This: will 


(4) Amplitude i is inversely proportional to > stiffness, and directly propor-_ 


tional to applied foree, 
(5) Frequency is independent of applied 


Comparison of Buildings of Different Sizes. the relative defiec- 


tions of two building gs of | the same shape, one being k times as high as the 
a wind force ‘per square foot of Oa at the ground, | and 


‘Fic 


;dk= = kd; Tk = k! hk = = maxi-— 


acting as flanges (see Fig 12). “Let - number of 


| 
= 
— 
= — 
= 
— 

Fo 

follow the tower as a uniform mass o 
# (A) Regard the tower 

5 then, I — 
g 

= 
= 
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each column : at the | base; and nx ne = nearly, Then, As : To ‘prop 
(©) Regard the tower as in shear acting on diagonal braces a at the same 
unit stress per see Fig. 13 then Nk k’n shear 
= 0.08 hd zh = stress in braces; Di = anit in one story = fd 
angle; De- drift t per foot D 
) dt = = ¢, nd, A 
Therefore, it may be assumed roughly that if 1 two towers are the same | ee 
and type of constr ‘uction, their deflections will be about in ‘proportion to. 
the squares of their heights, unless special measures are taken to prevent it. 
_ The force applied to 1 sq. ft. of surface facing the wind at the top is a wai 
which is proportional to the height. The mass acted upon is Proportional to 
_ d, which is proportional to the height, in tine case. . Hence, s stiffness = has 
f 
Therefore, ‘the ‘frequency, + is inversely proportional to the height, and the 


- amplitude v varies as the si square e of the ] height; ; acceleration (frequency, — = 


are 
times amplitude) is independent of the height; and frequency times amplitude 


varies as the height. This indicates that if sensation depends on accelera-— 
tion, it will be aaiiiin in a tall building than in a short one, , provided the 

plan dimensions are in the same proportions as. the heights; but if “sensation 
- varies as frequency times amplitude, which seems more probable, then heavier © 
dead loads will have to be used as a means of reducing frequency, if towers | 
- ever to go to greater heights than at present. - 


it is assumed that” the plan of” the ‘tower remains constant. the 
is increased in th 


e ratio, k, “then regardin g the tower in the three 
aspects (A), (B), and (C), the deflection of the high tower will be RB, Ky By 


respectively, times that of the lower. T As the true behavior « of the tower is an — 
~ unknown combination of all three, the ex cact value of the exponent cannot be 


determined ; but it indicates that as towers increase in height without a cor- f 
responding increase of base line, the deflection increases as, say, the fourth | 


power of the height. Frequency, by the same reasoning, would be ‘inversely 


4 
i 
— 
— 
Tim 
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— 
— 
Bu 
1s 
— 
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= before, is not 


proportional to square of the height, as before, is not 
Frequency times amplitude, however, in this case varies as the 

square of the height, which become the ‘significant relation between 

allowable absolute height and slenderness ra ratio. 


*. The crucial unknown facts at present are the teil of the function of fre-_ 
and amplitude | to of sensation, and the 


tions have of considerable deen, 
research will be as funds become available. * 


Be Ww ING, M. Aw. Soc. ©. E E. (by letter). "—The writer regrets 
the member of the Committee were unconvinced by the discussions 


the First Report t the: necessity of changing their “recommendations 
to ‘include different: wind loading for different localities, different pressure 


coefficients for different shapes of buildings, and increased loadings for the 
New York area. As the ‘Sub- Committee has asked for additional informa-_ 


tion, herewith | are submitted some > Tough sti udies: of material taken from the 


no means exhaustiv ve, , but it is. beli eved ‘the are vies to 


warrant a change in the Sub-C Committee's recommendations. 


Requirement of Code. —A code controlling the « design of wind-bracing- 
has: as ‘its first’ essential the specifying of such loadings that i adequately 


met in the design, by no matter what means, 2 absolute structural ‘security to 
of tenants and property. of others is assured, matter of. 


vibration or slight permanent distortion of a building, while of first = 
importance to the owner affects the ‘public only in a secondary manner. , 


 Svetinnd security s duh not be allowed to depend on a secondary "specifica 


| Modern practice seems agreed that design loads, including impact | where 


shall be the ‘maximum that « ean conceivably come on a 
and sl shall be considered apart from the unit stress; and. that , having assumed 


- these loads, the unit stress may be chosen as high (that i is, as near the elastic 
limit) | ‘as the character of the material and complexity of the structure will 


q permit, without any allowance for possible increase in load. | In determining ; 
loads, therefore, are in doubt, the decision must lean 


Discussion s, all basic available 


‘tion comes in the f form of numerous velocity records kept by the Weather — 
Bureau. (Throughou this discussion true and not recorded wind velocity 


is cused, unless otherwise noted. ) The determination maximum) Toad” 


involves the determination of the maximum wind velocity likely to be experi- 


en need by a building during its life. 


The ‘Weather Bureau are of the recording Robinson cup 


type and are mounted on the tops of on a 


fe ® Civ. Engr., U. S. Bureau of Reclamation, Denver, Colo. 
Received by the Secretary ‘April 19, 1932. 
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G ON WIND- BRACING IN STEEL BUILDINGS 
_ tamer 1t to 20 ft. above the top of the roof. The cups of the instrument 
are mounted ona vertical axis and revolve i ina horizontal plane. ae a 


ga Unfortunately, the wind d around a building does not in general flow ae 


horizontal stream lines. it strikes the building, eurves over the roof, and 


strike the anemométer | at an angle. ‘If so, the anemometer w will under-— 
register the true velocity by a function of ‘the vertical angle. On the other 
hand, the wind in flowing in a eurve usually increases in absolute velocity, 


‘showed an increase 20% %o one. ease. an increase may be 


counterbalanced by the characteristic of the instrument previously. ly mentioned, 


but there is no definite relationship | between the two conditions, 


| 


An ampeeiens: factor affecting 1 recorded results j is s the inequality ¢ of exposure 
of the instruments. An yr times its diameter 


from the anemometer | will affect the reading of the instrument. Few —. 
“have an exposure that is satisfactory i in this respect. In examining bmn 


nm ., records for the present study, it was s found that in a shift | — = 


although th the anemometer was raised from Elevation 274 to Elevation. 310, 


4 the average high wind velocity was reduced from 53.5 


to 43.5 miles per hour. 
Investigation wed that this probably was due entirely to a shielding 


a the life of the anemometer. at one location. increasing heights 


of the adjacent buildings will cause a change in the exposure and hence | 
one year’s record is not comparable with, : another. In addition (fortunately 
for” this study), there has been in most cities a shifting of the ‘anemometer 


- station from one building to | a higher one as the city has ; grown. a To = 


‘records comparable it becomes necessary to correct ‘for this change. It is 


be regretted that, when these changes” of elevations ‘were made, duplicate 


- reeords Ww were not kept at both stations for a short time, so that ; a correlation 


fe 
of the two records might be made. ‘It i is suggested that the ‘Sub- Committee 


“make an an endeavor to have this done in the future. 


_ The consequences of all the foregoing facts are that most of the velocity 


records i in existence are subject to considerable uncertainty and probably do 


give a true of unobstructed wind stream | at a 


it j is s plus o: or minus. 


given location seems much like a study of maximum m floods. Certain | areas | 
are found to be i in the paths of high winds and are more subject to t them a 
- others; and, ata “specific locality, the magnitude of the maximum wind for 


3 given term of years appears to be a matter of chance. The records | of oa 


“Weather Bureau for the stations at | New Y York, Chicago, Pittsburgh, Pa., and 


Point Reyes, have been roughly analyzed. ‘Fig. 4 shows the distri- 


bution of the maximum yearly 5 -min. winds those stations certain 


elevations lotted on frequency paper. These curves sugges ck chars 
p Pp ge t 1 acteristics 


of winds which further study confirms. 


5 - Minute Wind, True Velocity in Miles per Hour 
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Year's Maximum 5- Minute Wind, True Velocity in 
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of Years in which the Velocity shown is Exceeded 


ie. 14.—Disrrisu TION OF MAXIMU M YEARLY 5- MINUTE 


poet in excess of those at New ‘York, 440 ‘ft. higher. ‘Tt also ) appears that 


the velocities at Point Reyes « close to the ground were “more variable than 


On ‘Fig. 15 a more d detailed study of these stations was made, using the | i 


data. for each ‘different elevation of the anemometer at each station. The 
Se of the maximum yonany 5-min. winds at each different elevation is used — 
as a base and each year’s wind is plotted as a percentage of this, making all 


Examination of these curves shows that the 1% otal; or the wind that is 


a on occur on the average once per 100 ye ears, is about 180% to 135% Jo 
of the term mean n for the stations at the lower elevations, whereas it is only 


120% to 125% at the higher elevations. This i illustrates ‘a fact previously 


“suspected, winds at, higher elevations are less variable than those 


is appa expectancy of a given 
q at a given station. Almost every year the station at New York experi- 
enced a higher wind than had ever been registered at Pittsburgh. Both 
stations were approximately the same elevation above ground. At Point 
— 
| 
lends support to the view that freedom from local interference and a long- 
_ 
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time record tends to a uniform frequency curve. 4 As there is no flattening of — 


the. rve at the top it Appears probable ‘that a record of 100, years would 


A fact of interest is that oe highest wind at Point Rey: es was in 1895 ; 
and for New ¥ ork probably in 1888 (allowing for the lov lower elevation of the sy 


-_anemometer), periods 3 37 and 44. years ago; this 3 is important. The writer feels: 
that there is ‘a great ‘tendency to forget the stor and sof a previous 


“gen eration. After: the Tay Bridge | ‘disaster in Englan d (1879), 56 Ib. ‘per 
sq. ft. was assumed for a wind load. Tt has been continuously cu cut t down since. ss 


Do engineers need another disaster to remind them that one- year-in- 


_hundre ed wind only | occurs once in 100 years? 


Ifa modern ‘monumental building is assumed to have a life of 100 years, | 


even chance of that and a (01% 


50% 


ee York and Chicago _ 


Frequency 


| 
d 


Effective Ground 


Elevation above 


Frequency 1% 


___ New York and 
Frequency 1% 


: Velocity in Miles per Hour = 


OF Fic. 35). 
wind « one. in ten. the contingent risks involved in the 
failure of a cost to provide 


=e 


Bee the used in the ‘of Were the writer 
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would be ¢ content . with nothing less. However er » for the 


remainder of the discussion | he uses. the 1% wind, as being one which 
probably will oceur within the life of a building. 
In Fig. 16, the mean (50%) and the 1% winds from Fig. 17 have 
been» plotted against | “effective” ground in order. to bring out the laws of 
— increase of velocity with height above ground. W hat is desired is the law 


cy 


Frequen 


NEW ‘Yor«, 


ef increase in ‘unobstructed country. a city the writer feels 1 that what 
he ealls the “effective” ground is approximately three- -quarters” of the height 
‘of the average buildings over a } }-mile area. Below this height the velocities 
will follow no regular law, due to obstructions of buildings and to gusts and | 
~ eddies sweeping through the streets. Th e “effective” height | would be the 
"ground in open country or the tops of the trees over w voods. | The effective — 


aod 


ree 
— 
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effe 
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height probably has ‘risen gradually as cities have grown. The use of this 


conception may be. open en to eriticism, but the corrections it involves have 
little effect in the resultant curves as” applied to the cities from which 

are taken. In Table 2 the estimated wind velocities “effective” 


‘ground } have | been te taken from es of Fig. present 


TABLE 2. OF Dara 


ef- 


wind 
that 


“ 


t 
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1006 
to 


les per hour. 


maximum 
nds, ir 
— 
ter, 


Years of record | 


anemomete 


in miles per 


a 


ground. 
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hour. 


60 

109 


in relation 


existing at 
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fectiv 


tion at period of record, | 
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_~ Pertentage of wind in 


_ Mean of yearly 


Percentage of 


co 
| 
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f 
_ Effective ground eleva-— 


| _ Blevation of anemometer 


Pittssu RGH, Pa.: 
high 1887-1903 
1904—- 10 
1911- 29) 47 


1872- 89 
1892-1904| 5 
1906- 24) 


COMO 


New Yor«, N. Y.: Lf = ¢ 
Prevailing high wind, | 


1895-1910) 
1911- 


{ 


* Estimated wind value at effective ground. 


which disparity has already been. is an increase in ‘velocity 
with height, and the 50% 1% winds show a consistent 


ss 
velocities. there is a “slightly smaller 
of velocity ‘increase with height. his is to be due to. 


of great turbulence at the gr ound line equalizing the velocities © 
at higher elevations. 


Formula for Increase of Velocity with Height.—The general laws govern 
7 sae and increase in velocity and a formula expressing it are discus sed by 


Lamb.” _ The treatment is involved, but the writer believes it would a 


the i yrd some of the mathematicians of the Society. ‘The w writer has 
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ssion 


what he hopes is an itions to the experi- 


in which, V = = velocity, in miles pe per hour, -T any height, a ¥,: 

in miles per r hour, at “effective ground ; Y= = height above suntees, in feet; 

hy=height above surface of ‘ ‘effective ground” (about. three- fourths the height 

of average buildings) ;andd = = hg. For or New York, Vg = 48 and ho 
125; and, for hs = =. These « curves have been 


plotted in Fig. ago’ » would the s: 
for New York. 


die data on which they are based the ery in ing 


“The data which total of 150° years of “observa ation, 
consist of the highest 5-min. wind of each year found at the stations of © 


Chicago, Pittsburgh, and New York. At each of these stations at differen fy 
periods the anemometers were located at not less than three different eleva 


tions for at least a 10-year period each. The ‘yearly maximum velncities 4 
ranged from 30 to | 74 miles per hour, and the anemometers were located as 
as 454 ft. above. ground, making» the data unique, as ‘compared with 
those by other experimenter, the purposes ‘of a structural 


= (2) In treating the data the assumption is made that the ratio of a a vind 
a given at one elevation, to that of the same 


In “extending the curves from Elevation, 454 to Elevation 1200, use 
is made of theory of the ‘statements of Dines and Marvin that the wind 


doubled at from 1000 to 1500 ft. hove. the ground; analogy with water 


of the shapes of the curves ; and of the know n velocities _ of the gradient | 
Ww inds. 4 Gradient winds of 150 miles per hour occur yearly | (storm of March, 


1982, over New England). In Florida hurricane, the value was from 


writer feels” that these data and similar records available in 


W eather Bureau furnish the best field for determining the increase of wind 
velocity, , which can become available for many, ma ny y ears. Local _knowl- 
edge plus a a study of the gradient winds existing at the time of the records, 


and the use of more stations, would improve on the writer’s results, but he 


— his curves substantially represent the facts. <— The installation of 


_ pressure- -recording apparatus on such buildings as the Empire | ‘State Building | 
will provide useful data in determining pressure coefficients and unit stresses, : 


» 
wa it will be ‘many years: before enough winds can be measured to compare 


with the value of existing r records, as far as frequency distribution | and the | 
general laws of increase of velocity w with height a are concerned. At this time, 
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“ie writer would | like to withdraw his previous curve on wind increase with 
height from technical circulation.” It represents the average results: of winds | 


up to 37 miles per hour, but is not to be menaits in value with the ‘present 


oly 

25% ereater than th the n. wind. General “considerations indicate that 
Dereentage inerease of velocity of gusts and their variability ¢ are 
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‘Fie. 18. —CoMParison OF FREQUENCY RELATIONSHIPS» BETWEEN GU AND 


‘YEARLY 5-MINUTE WINDS AT CHICAGO UNIVERSITY (Station ELEvaTIon 131; 


at low velocities and low elevations | than for higher elevations and | higher 
velocities. A given pressure change will produce a a greater change ina low- 


velocity wind than ina high one. In Fig. 18 is presented a frequency com- ; 


parison of the gusts" which ‘at the t time of the ‘maximum yearly 
5- min. wind at the WwW eather Bureau ‘Station | of the ‘University. of Chicago, 


“Wind and Design of Radio Towers,’ The Electrician, July 1, 
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131 ft. dion ‘the ground and analyzed See a 13-year period. The ; gusts | aver- 
aged 1 45% greater than these maximum yearly ‘winds. As ‘might be expected 


- ‘the gusts are m more variable than the 5 -min. winds so that the - -year- in-a- 


ground and a a gust, as showed® a of the co 
trary previous experiments, will occasionally act across the entire width | of 


the condition is. at 1 200° remains s unknown. Influ- 
iter has chosen 
estimate gust as 13% in ‘excess of the 5 -min. This" estimate is 
not on the conservative side, but the writer feels. that a 50% increase at the 
increase at 1200 ft. is a closer a anes to the facts 
than the. constant value used by the Sub- ‘Committee, and he has drawn the 


“curves i in mpnak Io on a this basis. At 500 ft., , the percentage increase is the same 


winds, the writer “proposes to 
i the velocities into pressures mai compare the results with the ad 
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19. —TYPICaL WIND RESISTANCE COEFFICIENT Cu RVES. 

niahia of the Sub- -Committee. The Sub- -Committee used the resistance 
coefficient, = 0.0033, 3, in the formula, P=C ‘Al , to convert v velocity into 
pressure, the reason given being that it rested on "careful experimentation. 
_ However, the e experiments referred to were on the ‘coefficient of resistance of a 
= flat plate ‘and have no known application to buildings. — ~ Since to convert velocity 
1 into pressure some coefficient, determined od by model | experiment, must be used, 
it would : seem essential to o base ‘experiments on an approximate model of the 
structures” in question, ‘and the writer believes the 1 variable coefficients pro- 

posed by Dryden and 1 Hill” the best available. However, since the Sub-— 


Committee wishes to use a fixed coefficient, Fig. 19 is This 


33 “Measurement of the Pressure of Wind on Structures,” by tanton, oS 
“Wind Pressures on Strecteres,” Dryden and Hill, Paper 528, of 
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resistance coeflicient curves and experimental points for var various shapes apes plotted 


: against ‘Reynolds’ number. Let R =r resistance, in ‘pounds; a = resistance, 


in pounds per square foot ;L = diameter or or width, in feet ; 7% = velocity, in 


second ; Vv velocity, in miles per hour; Ww pounds per cubic 

H= height, in feet; As area, feet = H L 


kinematic viscosity = density viscosity (feet per units) 


= dimensionless and Nx = = = 


Briefly, is a function of the shape ‘and in the formula, 


AW 


or, if si similar are used throughout a series of experiments, a= VL) 


only, and all ¢ ‘experimental determinations of C: whether made with 
a big model of an area of 100 sq. ft, ,ora pany model of a an area of 0.1 sq. ft.; 
whether tested at high | velocities | or at low velocities; S; or whether the test is a 
made i in oil, water, or air —will fall the same curve, within ‘experimental 


to the usual engineering F or the purposes es of 


has been sub- 
value. of 0.002 56 ‘means a 


cale Effect. —It will be noticed that the curves are « quite irregular, vary ae _ 
ing “both with ‘shape and Nr; yet independent experimenters working 


‘diffe rent models at different velocities 1 will check 1 them with reasonable accuracy. 
The variation of the curves with N, explains the results that earlier experi- — 
menters found i in the values for pressure of wind on a square plate. W That was 

called scale effect was really the expression of a a change i in N, i In this | _— 
 seale effect. does not exist. Providing the curve been adequately 
defined b by experiment in the e range 0. of Nz, desired for the prototype, ‘no uncer- 7 

- tainty in the value of the coefficient exists. ‘Unfortunately, in ‘the 1 range of Ne 
= for pre practical engineering structures, no suitable experiments have 

“been made. Luckily, shapes differ greatly in their characteristic curves. 

be noted that the « curve for a 1:3. cy widely with . N 
this is characteristic cylinders | and ovals. the contrary, the curves 
fora disk ora plate are comparatively uniform over a wide range. Dryden® a 


states that this is likely to be characteristic of the curves of buildings. — Con-— 
- ‘sequently, it is possible to extrapolate with reasonable accuracy from existing a 


points” obtained by a model test to the value of which 


8 “Wind Pressure on a Model of Mill Building,” by Dryden and Hill, Research — 
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One other. type of seale effect needs to > be and is ‘the effect 


but i in "Experiments. on the ‘resistance. ‘to flow of pipes” plotted 
against N, indicate that as size is increased , holding Ne constant by dimin- 
ishing velocity to obtain the same values of C, the relative roughness also 
bg 

must be inereased to obtain the same loss. — Thus, if a 1: 200 scale mode] 


ade of planed wood it ‘might be expected to represent in surface a 
rough masonry. If, however, the model does not reproduce 
windows, ete. to scale, it is ‘probable that the resistance of the prototype 
_ would be under-estimated. For such shapes as s buildings, howev yer, the effect of | 


surface friction is small, to be of order 


of 3 or 4 per cent. 
ON ow consider ‘the relationship of ‘It has been shown that 


“for certain shapes it As not necessary to test. at full N, to obtain reasonable 


results. ~ Consider the action of a 100 by 100 by 1000-ft. building in a 100-— 


mile wind. Its will be 100 x 000000. If 


model is tested in air at Nz = 475000, a good estimate of the full scale value 
of C can be made. _A model to a 1: 200 scale would have this value, and the 
ea would be 6 .~ 6 by 60 in. this | same model is tested i in water at 

one-fifteenth the velocity in air (10 ft per. -sec.), the same value of the resist- 
coefficient will be obtained since the kinematic viscosity water is 
about one- fifteenth that of air. . The writer believes: that ‘in estimating the 
effects” of w ind on buildipgs of a modern city an excellent mental picture of 

events can be had by thinking of what would happen to a model city to 


_ i: 200 scale tested in a stream 1 of water 10 ft. deep, flowing at a velocity of 


parallelopipeds, 12 to 24 in. ‘high, while tower buildings would be 6 by 6 
by 60-in. posts spaced irregularly at 5-ft. centers. The turbulences and phe- 
nomena ¥ which would occur in this hydraulic model will be accurately r repro- 
duced i in ‘the air flowing over the actual city at the same Skepties 
~ referred to the beautiful illustrations of such effects made visible in air and 
by Bairstow.” ( Of course, the model being considered does not 


duce effect of § gusts s originating the Glevation of the gradient win 


there would be a increase in the bottom upward. 
This is characteristic of the flow of water in all channels, | the m maximum 


velocity commonly being Snail to be 1.7 to 2.0 times the bottom velocity.” 
_ The rougher the bottom the higher * the point at which maximum velocity is 


found. This percentage of increase of velocity is a rough. check on “the: 


used for the ratio of the gradient to the ground wind. Furthermore, 
this characteristic i increase in velocity holds at high as well as at low veloci- | 


‘ties. Hence, it seems probable that in the case of an air stream this same 


“Applied Aerodynamics,” by Bairstow, p. ‘378. 
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nerease of velocity. will be ot high velocities also. Moreover, in the 
ease of the air stream, there is no retarding effect of a contact surface such - 
as a water stream meets at its surface to limit such increase, at 


g at the base of the imaginary | 

currents of high velocity would be wie sweeping through the model 
streets, forming boils a and eddies which would occa: asionally reach the surface 


with diminished intensity : and greatly increased areas. It seems reasonable 


to suppose that their size . would | be much greater than 6 in., the size of a 
model tower. Occasionally, they would hit a model ‘building and the effect 


of impact would be decidedly ‘noticeable. 7 ‘From the e down- stream « edge | of each 7 - 7 
building a series of vortices would be noted, and an occasional build- 


ing would be noticed oscillating g, much a as the moving branch of an over-_ 


hanging tree at the edge of a stream, $0 often seen along : a river. er. The 
character: istics of this ‘oscillation and of the vortices have been analyzed 


for certain shapes. For eylinders in air it has been found that | vortices form 
alternately from either ‘sice with a period equal to = 


peri d ‘coincides with the natural period of the obstruction, oscillation takes: 


place. Ifa square shape has a period of the same order of magnitude as a 
“cylinder, for a 100- -ft. square building and a velocity of 100 m miles per hour, 


the « eddy period would be of the order (of 3 3 to 5 see, Since the - natural period 


of a building is about the sam me, synchroni: sm may easily be. possible, 


lated to air has led to a confirmation 


increase of wind velocity with height, and has given presumptive evidence 


that gusts will be. distributed over fairly wide areas, that Ii ittle shielding of 


a a the upper parts of the buildings will take place, and that impact and synchro- — 


nous vibration are quite probable. These factors” all have a bearing on 
the decision of what coefficient to use in converting velocity i into ) pressure. 
Dryden and Hill* have e proposed the factor, 0.004. Cons sidering that tall 
_ buildings spring fra om a wide ba se the writer has taken 0. 00375 and on account > 
of past practice has reluctantly decided to leave the impact, ete., effects to ‘ 


be taken care of i the 1 unit stress, act 
Discussion of Duisiaik W ind _Loadings.—Fi ig. 17 shows the writer’s esti- 


mate of the pressure expected during | the life of an unshielded building at 
N ew ork, Chicago, ‘and Pittsburgh, as compared d with the recommendations 7 
of the Sub- Committee. For a = 000-ft. building, at a point 500 ft. above the 


ground, at least once during the life of the building the expected load w ould — 


be about 150% of that provided by the Sub- Committee's recommendations, 
and in about | one year in two the ‘recommended loading would be reached. 


Under “ “Py rescribed find’ Force, ” the Sub- Committee states that the wind» 
— prescription ‘ ‘should be adequate - for any part of the United States or 
Canada.” No doubt the intended meaning imply that the unit. 


stresses will alwi ays be less than 24 000 Ib. lb. per sq. that ‘the building 
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WING ON WIND- BRACING IN STEEL BUILDINGS 
will ‘stand with somewhat the. same success as those in where | some 
- designed to the Sub-Committee’s specifications survived and | others failed” 


- «ti is true that i in examination of the partly destroy ed structure det ails were | = 


found which could have been improved uj upon, but the writer doubts whether — 


4 the | majority of buildings of similar character elsewhere would be eel 


without similarly we ak details upon a critical examination by experts, 
it is instructive to consider the ‘Miami structures a little” since 


the Sub- Committee cites them in support of its” statement. ‘The | 
_* ‘order of 50 lb. ‘per sq. ft., but stated of the buildings that partly failed, 

that it was probable» that | a 20-lb. wind would cause stress in excess of 24000 

per sq. in. in si some members. Hit be assumed that the dead and live | load 


stresses: ‘were of the order of 16 000 Ib. per sq. in., then - ‘the 50- Ib. wind 


= would have stresses of -approximatel 36 000 lb. On the 


were by In either case, these 


appear to be poor grounds for assuming that a 20- Ib. wind load is adequate 
fora structure 500 ft. high, in Miami. The writer’s | curves indicate that a_ 
— 80% increase in load would have occurred at 500 ft. over that at 250 ft. ihe | | 


highest building at the time) and it may well be doubted if many 500-ft. 


structures: would have survived. 


To. check the Sub- -Committee’s statement for other localities the writer 


roughly computed the expected wind loads at 500 ft. in terms 
- Sub- -Committee’ s recommended 20 | lb., for several places i in in the | United States, 7 
basing his estimate on the mean yearly 5- min. n. wind, corrected for — 


The followi ing ean be expected to be only a very rough ¢ classification: 


eee 


"Seattle, 


interesting to considering winds and coefficients 
“together, that whereas, in ] Angeles, an aeroplane hanger, (100 ft. high, 
could be designed for a wind force of P= 0. .002 (50)? = 5 Ib. per sq. at 
Point Reyes, | a 100-ft. electric sign, composed of an angle ins would re require 
a design load of P= = 0.0044 (125)? = = 70 |b. per sq. im Illustrative of the 


_ inconsistencies of ‘present practice is a re recent 400- “ft. building constructed at. 


Pittsburgh 1 for wind load of 30 Ib. per sq. whereas, in New York, 


Pittsburgh, Pa. a 0 Dallas, Tex. 


8% Final Report. of the Committee of the on Florida Hurricane, 
_ Transactions, Am. Soe. C. E., Vol. 95 (1931), p. 1118. 
Ib. per sq. ft., at 500 ft. 


“ Engineering News-Record , April 7 1982, 
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August, 1932. ON WIND- BRACING IN STEEL 


was thought safe up to 1000 ft. The writer s figures have called 
f or about 15 lb. at Pittsburgh and 40 lb. at New York, averaged over the 7 


Before leaving the curves of pr ‘pressure be noted ‘that they. are 
devised for a tall, unshielded tower type of building. ‘The writer regrets 
= the Sub- has Jumped all buildings: under 


“the changed (Fig. 18). If for simplification it is desir- 


able to | have only one sp specification for all buildings, the writer would ‘suggest a 
for “New York the allowing for shielding in the lower 200 ft. 


in pounds per foot in feet 


- ‘Per all buildings higher than 400 ft. add 3 1 Ib. to the wind load for each -g 


additional 100 ft. inally, based on the data ‘examined, the writer, 
- estimate the ac accuracy of his curve of pressure at +40 per cent. _ The Sub- 

7 Committee’s curve might represent the true conditions for New York, but - 

the e writer feels that it is the minimum possible for that district. and that > 

there are many places in the country, where it must be | gre eatly exceeded. tin ee 

Unit Stresses. —T he Sub- has followed past practice in allowing 


| - a higher unit stress for combined dead, live, and wind loads than for dead 


and live loads alone. 2 This has all the prestige of past custom, but the custom | : 


does not bear critical examination. _ This practice undoubtedly is derived sy 
from older bridge specifications. For bridges, t this is a_ logical provision. 
_ ‘The live loads on the usual bridge a are large, the wind loa ads: relatively small = am 4 f 
in most ‘members, and the probability | of maximum live loads being combined — 
with 3 maximum wind loads is remote if 1 not impossible since a train ti travel- 
ing with empty box ears Ww will turn over in a 100- “mile w ind. For a building, on 
the contrary, most of the live load is always applied, and the magnitude of the | 
_ wind load stresses, in parts: at least, compares with ‘those due to live loads. - 
In addition, no allowance is made for impact or vibration. Moreover, 
| the loads are repeated millions of times due to the neni variability of the a3 7 


ii 


wind, and in members the stresses become reversed in sign. It 


sometimes that unit stresses should be permitted for wind 
; 4 on account of their occasional character, but the frequency curves of the 7 
writer show that ‘about two-thirds of the maximum values occur every other 

year, and it is probable that live loads” reach their maximums 
The writer believes that the sooner wind load is t treated as a normal live = 
load the better for structural engineers. However, he does not believe that = 
the permitted stress due to wind ‘should be much reduced, but rather that the © 


other ‘unit stresses should be raised, since the fact that buildings are aa 


— 
= 


up ) under high wind loads. when the unit stresses in some members must often 
be of the order” of | 30) 000 Ib. sq. in., is indicative of reserve strength. 


42 Engineering News-Record, January, 1931, p. 199. 
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Under the Sub- specification such reserve strength is very 


‘unevenly distributed, both as between member: with and without wind and 
as between the various parts that make 1 up the wind frame. If) a member 
has a dead and j live load s stress of 18 000 Tb. per sq. in., and a wind stress of 


6 000 lb. ~ sa. in., the wind load may be ¢ doubled and the total unit. stress 
s, recent tests have | 
‘shown an strength where columns are in concrete® and 
eonerete floors are used,“ of at least 10 ) to 20 per cent. Society's Special 
Committee on Stresses in Structural Steel in 1925 recommended a 20000 Ib. 


unit base for steel ‘Stresses. ith proper ‘provision g governing the construc- 


tion of the fire-p proofing and floors and assuming that maximum wind loads dame 


are specified, the unit stresses for beams and columns might well me put on a being 


22 000- Ib. unit base. bat a matter of fact, as the writer has just ‘shown, the state 
base on which many structura al members are working to- -day must be in and 
@XCESS | of this. However, according to the proposed specifications, all member: 
not in such a fortunate position. The uplift provision of the Sub-Com- tl 
mittee of a tensile stress of two-thirds the dead Toad due to wind will allow _ ine 
a 50% margin over its specified wind load with an indeterminate. additional | } = appe 
factor due to any live load the column carries. According to the writer’s” of 


curves this margin wi will all be — in New York with no visieniscigle or q 


= Finally, te writer knows of no justification, ‘except expediency, for the a 


Sub- -Committee’s. specification of a 24 000- Ib. unit stress. base for “bolts: and 
rivets, especially taking into account its commendable reduction of pure 
wind stress to an 18 000- Ib. value. Every” consideration of test, experience, 

: and theory indicates - that ‘the joint is the weak point in a 1 rigid frame. ‘Pro- 

 fessors Wilson and Moore* showed that at about a 16 000-Ib. base, 


4 slip in the connections was beginning to be appreciable. In the Florida hurri- 


cane, original failure was probably due | to weak joints.” ee ee Berg, Assoc. M. 


7 ak Soe. C. E., has brought out” the effect of neglect of dead and live loads 
on the stresses in the end connections of beams (a point which has worried 
many designers) ; and, finally, n numerous codes specify the ‘Telative relation- 
ships that must exist between s stresses in ; rivets and bolts” and ‘those in the 
main members in order have equal factors of safety. In addition 1, con- 
siderations of E rigidity almost « compel a lower unit stress in the connection 


since under. wind loads the stress reverses in sign, and an inelastic slip in 
one direction is followed by inelastic slip in the other. . The writer is well | 
aware of the difficulty of providing connections at lower unit stresses, but 


the difficulty and expense can n be no justification where security is involved. 
‘With modern welding, a use of reinforced concrete, a satisfactory joint 


“Steel I-Beams Haunched in Concrete,” by “gittespte, “Bulletin De. 
_ Proceedings, Am. Soc. C. E., March, 1925, Papers and Discussions, p. 392. aa! 


“The Rigidity of Riveted Joints,’ by Wilson and Moore, Bulletin No. 104, Eng. 
“Wind- Bracing Co Connection Efficiency, Precsetings, Am. Soc. January, 1932, 
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“August, FINL AY ON ON WIND- BRAC ING IN STEEL BUILDINGS 

y riter feels tha the decrease of the rivet stresses in 
d the raising the stresses for dead and live loads will produce 

Negative Pressures. —Finally, the § Sub- ‘Committee includes no 
sf recommendation to take care of negative wind pressures, Such pressures 


and the wide areas over which they act, sometimes including three- fourths 


e 
d of the building,” 


il Although eo commonly known istic has been often 

by many, _ including riter. of it has is been more | characteristic a 

“state that all ‘siding, trusses be designed for both 
7 and internal moving loads equal to the amount of the wind specification. oa 
S Conclusion.—Although the writer does not agree to some of the provisions 

4 of the Sub- b-Committee’s rep ort, i it is certain th: that it has | been of great — 7 
in ‘covering both: design : and loading i in a a neglected - field. ‘He will not be dis- 

appointed | if the combined experience of the Sub-Committee 

3 of his opinions. He feels, however, that his 5 ‘min. wind velocity and fre-_ 


quency” -eurves are. worth serious study and that it is probable that greater 
loads those specified by the Sub-Committee are fairly common 


expose locations in the United States and Canada. a 
A. 


Frynay Assoc. M. Am. feo. E. (by letter). —The problem | of 


steel frames: of buildings so as to. resist wind forces ‘is, 
Gaul of old, “div ided into three parts.” Obvious though these divisions 


are they may bear repeating :F irst, the inten nsity of the wind pressure must 
be decided upon ; second, the share of the total wind load ‘Tesisted by each — 

bent i in the structure must | be decided; and, third, the further sub-division of : 

‘te load carried by each bent among the individual members n must be deter- 


mined. The final result, as expressed i in design sections, merely reflects the 


= ith regard to the Sub- Commi.tee’s specified wind pressure the writer is 


unable to express an opinion. Quantitative information on this ‘bafiling, yet 
important, phenomenon is far from being plentiful. ‘A. psychological 
aspect, of cour se, exists. Tf the prescribed pressure is high (and by 


high the writer means any value greater than 20 Ib. per ft. the resulting 


enn even in buildings of moderate height, may prove excessive. 2. As a 


_-result erring: over- -stress may be found to exist in certain members and 
‘connections. designer, in such a case, remembers the high unit pressure 
used. His: dwells upon the rarity of occurrence of the > winds represented 


by that pressure, and the over- “stress is conveniently “forgotten.” Such exper 


“ences are not uncommon. writer feels that the prescribed unit ‘pressure 


should be kept low and the resulting stresses faithfully taken of 
stresses that are reasonably apt to occur. | The resulting structure will not be g 


‘ one > whit weaker or stronger, , but it will at least have been — de 
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“The ae adage, breeds contempt,” is nowhere 

in evidence than in connection with wind- -bracing T wenty years” ago 
ime was only in 1912), the design of a 25-story building was an achievement 
of note. - Articles appeared in engineering journals describing the elaborate 
_ means by which such buildings wi were enabled to resist wind forces. - Diagonal 
bracing, knee- braces, and deep gusset- plate connections between girders and 


columns were the expedients used j in such structures. ah Contrast this with the 
totally inadequate top and bottom clip angles which to- day won uld in all prob- 

ability comprise the “wind-bri -bracing” accorded such a structure. 
About 1928 the writer reported upon the wind- ‘bracing (or more properly 
upon the lack of it) in a 24- -story office building of. ‘somewhat odd shape. In 
this building as designed he found absolutely no provision for wind- bracing 

an: any y kind. A ‘concrete ribbed ‘floor was used and the beams 
framed into the columns parallel to the ribs were mere 8-in. I-struts. _ Inde ed 


majority of workers, hotel genie, apartment dwellers i is not 
une’ in the Empire State Buildings of the world any more than the bulk © 
of water-borne cargoes is carried in the and the Leviathans. is” 
sheltered in buildings of moderate height. It is in the design « of these build- 
_ ings that human carelessness must be guarded against. 7 The daring ae 
tions of modern _tower- like buildings are sufficient assurance that lateral 


forees will be. carefully considered. 
Having assumed a unit pressure, the second phase of the sitibein, about 
which little is heard, as a rule, presents, in the writer’s opinion, | the mos . 
‘difficult: part of all. By allotting ‘each bent in the building a a share of the | 
wind load the design” is established in its most important particular. ‘That 
- the allotted share i is as ‘nearly correct as possible i is obviously of the greatest 7 
importance. No ‘results beyond this point can be a: any | better than the assump- 
made at this stage, of the method | by which, at a later stage, 
the individual column shears and girder moments are determined. 
PR cn statement is often’ made that the rigid floor-slabs of a building cause 
the tops” of call columns to deflect equally. The writer has never seen this © 
q questioned ‘and » yet it would appear open to question in all those cases | 
_ which the center of lateral resistance of a building at any level does not coin- 
— cide with the line of action of the resultant wind force on the structure above e 
that level. i It will be realized that the center of lateral resistance in a build- : 
ing may be on a different line at different levels since it depends primarily © 
"upon the number and depth of the | wind bents and rigid walls available at 
"the level in. “question. . The line ‘of action of the resultant of the wind forces: 


on the structure above any level will change from level ‘to level 1 with ae 


in the exposed area. a. It is thus apparent that either of these factors may | 
change independently of ‘the other. 4 The laws statics require, among 
other things, that the sna of the column denve in any story combined 
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with the torsional moments which may exist in the co columns of ten same on 


be in equilibrium about the line of action of the resultant of the wind forces 
on the structure above such a story. The building will twist until such a con-— 
dition obtains. | It will be realized from the | foregoing that wind bents of 7 
identical construction may resist quite | _ different shares of the total wind load, 
_ dependent upon their position in the structure and the angle of twist involved. | 
* problem is further complicated by the fact that the division of the total 
will change from floor to floor. 
is th writer’ intention to elaborate this aspect +t further and it is 
his present ability to ) suggest a means whereby the correct loadings 
for each bent could be established. He would be most interested to hear the P 
‘opinion of the Sub- Committce on this important point. — ee 
Having assumed some arbitrary loading for each | bent there remains . 
determine the resulting bending moments and shears in the individual mem- 
bers. If, at this point, in the face « of the assumptions which have gone before, 
it is still desired to determine them by any | of the so-called ‘ “exact” m aan 
_ the proceeding, even when aided by P Professor Cross’ method ‘of moment dis 
tribution, is a tedious one. "Several methods c of applying | moment distribution 
to this problem, in which | joint movements play so important a part, are 
available, which the one adopted by the Sub- Committee is probably as 
“direct | as Professor | ‘Cross some "years ago outlined a method in which 
rotations at each joint are dealt with, rather than n moments. — It possesses the 
advantage | that while there are as many v unknown moments at a joint as there — 
‘are members ‘there is only one rotation. The va various joint rotations 
solved for by trial. It is particularly ‘expeditious when applied to the solu- 
tion of secondary stresses in trusses. — ‘Its application to the present problem 
is complicated, just a as is moment by the n need of constantly cor- 
recting for joint movements. Its virtue lies in the smaller number of quan- 
a The 1 writer feels that, in 1 those cases 5 in which the loads on each bent can- a 
7 =. be definitely foretold, any attempt at an “exact” analysis is not warranted, 


and that recourse e might better be had ‘to assumed column shears and ‘points © 


of -contraflexure after giving 1 more thought than is ¢ customary to the vital 

question of the distribution of the total wind load between bents. The 

analysis of of wind stresses in buildings i is, after all, a problem in 1 space rather . - 


ASI indicated by the Sub- Committee the matter of. rigid details i is of ‘para- 


mount importance in wind- bracing design. 7 Slip i in connections is objection-_ 
> from two standpoints. The values of the bending moments are modified. 7 - 
Since i it is largely the relative rather than the absolute values of the slips” ; 


which affect the bending moments: the ‘objection on this score is perhaps not 
80 serious as it might be. The effect of | slip upon deflection is, of course, very 
“ pronounced and because of this fact alone slip of connections must be e reduced 


to a minimum. — The v writer feels that the top and bottom clip-angle type of — 
connection is inadequate in this respect. While the tests to determine the 


‘rigidity of riveted joints reported by Professors. Wilson and Moore® did not 
Bulletin” letin 104, ‘Eng. Experiment Station, Univ. of Illinois. 
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cover a top | and bottom clip angles with ‘the standard 
connection, each of these connections was tested and found want-— 


as in rigidity. Any type of connection - that depends for its rigidity upon — 


the ability of a thin member to resist cross- -bending must’ be unsatisfactory 


from: the point ‘of view of. stiffness. | 
I-beam or H-beam stub connection is, of course, very Since 


lea an arrangement ordinarily precludes | the use of adequate web ‘connection } 
the question ar ‘ises as to its ‘strength ¢ and stiffness i in | shear. a z he 1 writer would 
be interested to hear of tests of this type of joint. 
‘The Sub-C Committee is to be congratulated upon its endeavor | ite ‘correct 
the in impression, still strongly held in some quarters, that rivets in tension a are 7 
unreliable, The exhaustive tests: at the Unive ersity o of ‘Toronto under Pro- 
fessor Young and at the U niv ersity of Illinois under Professor ‘Wilson ‘surely 
should | laid this “ghost.” In view of these tests migh ‘not be advis: 
able to specify Ww for rivets in ‘tension? 
The Sub-Committee’s recommendations regarding li niting stresse 
da members stressed by dead load, live load, , and w ind are calatile: logical. 
The results ‘of deflection computations, a: as s applied t to > actual buildings, surely 
cannot be reliable as the Sub- Committee’ 


; Committee states that the slope- deflection method, or any other of the so- 
called “exact ” methods, is” too laborious to be practicable without some 
of -abbrevi iation, and that this is likely to ) result in an hanprarseginit degree of 
inaccuracy, or at least of uncertainty as to. the ¢ accuracy of the results. | at 
7 ie the contrary, the writer wishes to state ‘sacs it is easy to decide whether | 


“or not such results are correct. First, there ¢ are the es static criteria that (1) 


the s summation of the m moments must equal zero at each joint; and (2) that the 


hile 


in 


sum of the n “moments at the top and bottom of all the sidan: of a story 


is equal to the shear in the story multiplied by the story height. 


F Tees In addition to these » well- k ‘nown static criteria, there are the elastic cr ‘tevin. 


In the case of building dents, : as in any other case, , they can be deducted from 
theorem of least work. ~The) writer has demonstrated this elsewhere.” ‘The 
elastic criteria in this ‘case are, as fo follows: rectangle in ‘Fig. may wid 


Structural Designer, Alexander D. Crosett, Cons. Engr., York, N. Y. 
yen Received by the Secretary May 24,1932, 
Kriafteplan-Verfahren,” Verlag Alfred Kroner, ‘Leipzig, 
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wt 


Mar — hy Mn = (Ms 


which, the subser ipts, A, B, L, and signify ‘Above,’ “Below ” “Left,” 


and “Right,” respectively. instance, Me is the moment 

vor Joint nN The coe efficients, h and l, ar are in some arbitrary ratio to — and 


=, respectively. 


In the rectangle, 21, this is selected as 200, that, 
=n, 200 X 14 _ 9 


Fig. 21 isa part of the bent analyzed by Wilson and Maney," who deter- 


mined the following 1 moments for- this rectangle by slope- deflection 


method: M,, = 90 700; Mir = 203000; Mz, = 182000; Ms,=184000; Me 
100300; Myr = 187 100; Mus = 187 500; and, My, = 171700. It is easy 


whether these values satisfy (8a), and (Be); thus, 


tions are correct, the discrepancy may be explained by je fact that idee slope- 
deflection method is based on the assumption that the angular changes at a aad 
~~ are all equal, or, in other words, that the joints are rigid, wit 

Equation’ (8a) is almost perfectly “satisfied with the following moments 


(derived from the theorem of least work) : Mu= = 90 961 2038 347 ; 


Mu = — 182 627: Mu, = - 184 £040; M; 3B = 100 486; M; = 188 674; M, 187 885; 
and My, = 171943; then, | 0.47 09° (187 885 — 100 486) = 0. 7300 [2 (188 674 


— 171.948) + 208 347 7 — 184.040], or 41 156 = 41 160. 


‘ — lowest story of | a bent is not a quadrangle. Tf the bases are fixed ron 


x 22, then i in every bay three elastic criteria may be written: i?" cs 7 


IN STEEL BUILDINGS _ * 
| 
Pe q d as being a part of any bent; then the following three relations — = 
2 
— 
46 
> 
— 
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ail These criteria may be aw on an example given™ by G. E. Large, Asso - 
Am, Soe. and Clyde T Morris, M. Am. Soe. C. E., who found the 


“must | 
botton 
the 
near t 

secon¢ 


Wilso 
following moments Tig. 23 3 by the “elastic theory” . 49.72; anoth 
= 28.71; Mas = Man = 38.57; and, Muy = Mu, = 27.00. relat 
The values, h and I, are selected as the r reciprocal values of — and —, and, oe 

_ there ofore, hi = = nd he =1. Then (see Equations (9)), 


= 2 (28.71 — 


8 


(28. BT —2 x 2, 7.00), 


anst — = (2 88.57 — 27.00) 


All these criteria a are ‘closely fulfilled. The insignificant 
due entirely to the fact that Professors Large and Morris (as any one e would) — 


stopped at the second decimal. Equations (9) would be perfectly fulfilled 
the the values: one = 49.714286; —— = 28.714286; 


M, 


| 
4. 
— 189 _ 97, 000000. 
‘The writer could several other criteria covering the eases of 


- offsets, hinged supports, and unequal | bottom story heights; and, in addition, 
_ criteria that take into account the work of direct forces and shearing forces. 
ra s. Hef feels, however, that he has shown enough to bring out his p point; ; namely, 


that the there are definite equations t to every ‘statically indeterminate problem that © 


are the criteria as to the accuracy of the results. rtd 


under wind load. In “Wind Steel Frames of. Office 


%& “The Moment Distribution Method of Structural Analysis Extended to Later 
"4 ‘and Members of Variable Section,” Bulletin No. 66, Ohio State Univ., pp. 5-6. 


% Estimator, Eng. Dept., McClintic- Marshall Co.. Los Angeles. Calif. 
q % Asst. in Civ. Eng., California Inst. of Technology, Pasadena, Calif. — i 


6a Received by the Secretary May 24, 1932. 
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- Buildings,” Professors Wilson and Maney cover the subject i in a paragraph.” 
~The shor tening of the first- story columns « of the twenty- -story bent is ae - 


and the fixed-end moments: in the first- t-story determined. These 


bottom 1 to top, while the girder moments due to wind become smaller, so that 
the effect of column shortening ‘should be be much greater at the top than 


Rares Sub-Committee states that in the case of a high, narrow w building © - 

"secondary moments require investigation. the relatively high and narrow 
-Wilson- Maney bent, “secondary moments are negligible. Apparently, there i is 
another criterion. The importance of secondary moments s depends upon the 


relative size of bays” and the relative stiffness of column and girders. In 


the W ilson-Maney bent, both columns on one side of the center line have de 
kind of stress under wind | load this stress (and, efore, 
shortening) is roughly proportional ‘to the 1 distance the line. 
- Since all the fixed-end moments in the girders | due to column ‘shortening act 
in the same direction, they will all be reduced by the: ‘resulting side- sway 
and, in their final position ‘(that 
‘is, after ‘equilibrium is is reached), 

the girders will nearly 


straight. When alternate ten- 


the columns, ‘the girders: are 
constrained | and, therefore, may 
have” large bending “moments 
after equilibrium i is reached. In 


SYMMETRICAL ABOUT CENTER LINE 


uch case side- sway will in- 


and decrease others. 
The Sub- Committee ‘does 


"consider the possibility that the 


tained may require correction. 
For example, in general 


_ always), the secondary moments * 


in the girders” will be opposite 
‘the primary moments. If the 


+0! 


+ 


secondaries: are large, say 50% 
of. ‘the resultant 
ment be one-half the 


° 


will also column short- 
ill ca “Fie. 24.—RaTios oF First SECONDARY MOMENTS 
ning W ich Wi cause more AND CORRECTED SECONDARY MOMENTS 


» 


Bulletin 80, Eng. Experiment Univ. of Illinois, 
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Tf the first secondaries An 

nen second secondaries be -menda 

25% prim: wy which w vill make the e resulting moments shallon 

15% of the” original “moments instead of 50 per. cent. In general, the first ‘cation 
pete moments will give results which, for girders, are on the unsafe side, Se nalys 

The writers made ‘calculations on two be nts: One, the t twenty- story, Wi ilson- displac 

Maney bent, g gave e negligible e secondary m moments: : the other, which was obtained -essent: 

adding 22-ft t. bays to the upper ten stories of the Wilson-Maney bent, 4 -eycles 
“gave interesting results. Under wind loads the columns of this bent were frame 

alternately in tension ‘and compression. Fig. 24 | gives es the ‘ratio. of ‘the first lt 

secondary to the o original moments (lower numeral), and the ratio covere 

the se secondary moment at after two corrections (algebr: aie sum of seconda: of bui 

= correction plus second ¢ cor rrection) to the original “moment. ‘natur 
H. V. Spurr,* M. Am. ‘Soc. CE (by letter) "—T progress report itself 

of th the Sub- Committee i is in excellent form, and several of the recommenda- |  gatisf 

ti ions ‘therein are important changes from the first. progress report published analy 

in 1981." ‘The recommended wind load remains unchanged, but both the 
Strength factor and the ‘stability factor have been increased, "the former by 

a a reduction i in the recommended unit stress under wind alone, and © the latter ; tance 

by an increased margin of dead load i in the columns over and above the uplift [| — 

due to wind if anchorage is omitted. _ These are steps in the right direction profc 


will tend to increase rigidity, especially in high narrow buildings, 
7 in which the beam sizes will be governed largely by the wind analysis. 7 With di 
lower unit stresses under wind alone the beams will be stiffer, and there will 1 


a general tendency. toward deeper connections. Both t the strength factor 


sh is | still ¢ the writer’s opinion (as it. was in 1931), that the recommended 
load produces unnecessarily heavy shears in the lower : stories. There- 
fore, he recommends a modification of the wind load as For buildings | 
of any height the wind-load diagram may be reduced i in the lower third of 


te height. Starting at the level of one-third of the height of ‘the build- 
ing, the wind load from that point may be reduced uniformly to zero at the 


This pe ‘aii on the lower third of the building will result in 
__ considerable | saving in the web system. The writer | believes it is important — 


consider this modification, because the final recommenda ations of this ‘Sub- 
will be giv en considerable weight by Jaw- ‘making bodies and 


technical committees. | _ There is a tendency to exaggerate the effect of wind 
int the lower parts of buildings, and the simultaneous application of maximum > 
wind load on the full | expanse of a building 3 is extremely improbable, if not. 
a 
impossible, because of the of natural air currents, especially 
4 or near the surface of the | earth. 4 A reasonable wind load is er add 
basis for sound analysis and for economical design. 
Chf. Engr., Purdy & Henderson Co., New. York, N. Y. 
Received by the Secretary May 18, 1932. wars 
Civil Engineering, March, 1931, p. 478. re 
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report outlines the Sub- Committee’ s recom-— 

ns for of building frames for stresses: due to wind when 


‘shallow connections are use throughout. The method outlined is a modifi- 
cation n of. first proposed” by ‘Hardy Cross M. Am a. Soc. C. E., for 


4 “The Toss method has been modified, but. not in its. 


“essential character, by « certain semi-graphical steps to reduce the number 


eycles necessary for solution. , It is proposed for the analysis of existing 
frames and not for the design of the frame. 
‘oll is evident from the text of the report that the Sub-Committee ‘tii not - 

cov ered the g 7 
of building frames es of all heights: igor proportions. . Some 
‘natural since the method has a a limited usefulness in wind analysis, errs 
is, apparent from the fundamental relations in mechanics on which the method — 
itself i is based. It ‘ean not make an indeterminate structure determinate, » nor 

" satisfy the conditions of minimum work which must be: fulfilled in any true” 


analysis sis of a frame in which the joints are free to “move in any direction. 
¥ here | should be no confusion on this point, , and to assume that the move- 


‘ment \ of the joints due to direct. column, stresses s will have little | or no —_ 


tance may lead to astounding errors. 
On the other hand, if it is realized that the displacement of the sisi may 


profoundly affect the analysis of a badly proportioned frame, and an ‘attempt 
% 


to. apply successive corrections, one may become almost hopelessly 
involved. adjustment of a continuous frame of many stories under 
lateral f forces produces an clastic balance between vertical and horizontal 

‘members under bending and direct s stress which is e xtremely complicated 
unless the frame is carefully proportioned. herefore, the writer believes that 

the Cross method is not suitable for s uch a problem of f analysis. This . con- aan 

clusion. has not been reached in any casual manner, but only after the design - 


sis of man of different proportions ranging in height 


Such studies produce much useful data, including the part played by the 


_ and that the changes in aon the columns under axial wind stress become cm - 
of prime importance. These are outstanding facts 


Therefore, it becomes’ ‘more and more ‘essential, as. the height increases, 
to control the proportions of the web system in order to “maintain a plane 
after bending,” thereby maintaining the position of the joints at any floor 

in a straight line. This requires a definite distribution of the wind shear i in : 
the various panels of a bent, which determines the moments in all the members | 
and controls the design of the beams, whether or not deep connections are 


60 Proceedings, Am. Soc. c E., May, 1930, Papers and Discussions, Pp. 919. ideal 
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‘SPURR ON \WIND-BRAGING STEEL, STEEL BUILDINGS 

Cross method is, therefi somewhat sv erfluous design 
_ poses and unnecessarily tedious in- the wind analysis of high building 
frames. The .e successful design procedure will be based on simple fundamental 
of mechanics without any unnecessary assumptions. 
na the web system is properly designed for equal drift : in n all panels, based 

on a shear distribution consistent with maintaining a plane after bending, 

the design analysis will conform with the conditions of least work, and 
"there can be no “material deviation, a: as the structure adjusts itself under 
load, from the stress conditions of design analysis. Involved mathe- 
matical expressions are not required. to demonstrate this truth, which is 


evident - from the fact. that the structure would be more flexible if any but 


_ The writer offers the foregoing comments because the recommended pro- 

cedure in moment calculations for shallow bracing systems been based 
_on studies of a 20-story bent which is ideally proportioned. U By this is meant 


that” the proportions of the members are generally such ‘as to maintain a 

ae after bending. This | point should be emphasized because the bent in 

- question has been used not only in studies of the applicability of the ae 

method, but also in the past in the meniscal of the — deflection method. 

When the v various members of a bent are maintain a plane 
7 after bending , the joints in any floor level will sree a straight line as as 

the frame distorts under lateral load. In this event the assumption often | 
made, that the change i in length of columns under a axial wind stress is neg- 

- Tigible sc so far as analysis o of the web. system is concerned, | is correct. It should 

not be forgotten, however, that this is a special case. 
: am In reviewing any studies made of the W ilson and Maney bent the engi- ; 

= should keep in mind ‘also that this bent is only | of 20 stories, and that” 
the relative proportions of the columns to the beams are quite different from 
what heyy obtain i in n buildings of much greater height. As buildings i increase 
This in the the members has a 
the treatment of the analysis, in that the columns themselves play a more 

and» ‘more minor part in the distortion of the web system as revealed a ‘the 


-deflection method or or by the Cross method. 


areas” inerease as the analysis downward. from the 


a high building. 7 In other words, the ‘stiffness « of the columns increases more 


rapidly than the wind shears. — This effect is. further augmented by the fact 


j that, as the shears rs increase, with the analysis proceeding downward, the 
4 beams generally increase in depth, and the connections tend to become y deeper 


than the beams. This. accentuates ‘the increase in column because 


rs columns on the basis of ‘aie clees spans. if thie 3 is 5 not done a an 1 exaggerate 
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WIND-BRACING IN STEEL BUILDI Ss 


importance will be given in the analysis: to the influence of the columns 
careful sis facts , based on m actual studies of high building 


‘frames—i in which the columns are for live load and dead load 


or for 

4 strength 
where shallow bracing i is u ‘that the distribution . of the to ‘the various 
will be governed by the the of the b beams when the 


‘means that the points: of in beams are » at -span 


even if the ratios of she shear in the columns vary materially from the ratios “7 


the column stiffness values. ‘This is easily visualized by the fact that the 


(ee are so ‘stiff that they contribute | little to , web deflection, and any 
a columns infinitely rigid this. truth: would be be self- evident. When the 


beams are relatively several times more flexible than the columns they become 
slight movements of the points of inflection from mid-span) very 
sensitive instruments of adjustment. eur 
~The 1 writer has n made studies of the application of the Cross om as 
recommended by y the Sub-Committee, to an 80- story bent with beams of 
markedly different spans. ‘Fig. 25(a) is a diagrammatic sketch of a a typical 


bent at the tw entieth floor. . The characteristics of its members are given in 
"y Table 3. zi The diagram illustrates the application of the Cross method 1 to live 
load and dead load moments in a rigid bent. 
ams, 


The solution for ¢ moments due to live and dead loads on the beams, i indi- 


cates -yery clearly the great simplicity and usefulness of the Cross method 


_ when applied to this type of load, for which there is no movement of the i 


4 


TABLE 3.—Maxe- Up or AND Beams 1 


‘Section | “Member factor, 


14-in., 427-lb. H-beam { 14-in., 427-lb. H-beam two 
24-in. by Stn. plates. . a 12.4 | | 24 by 4-in. plates 
427-1b. H-beam two 2-3 22-in., 67-lb. Bethlehem... 
24-in. by 3t-in. 12.4 i Bethleh 


7 The panel shears are those that will the 
beams, LZ is the full span from nen to center of columns and for columns, 
it is the full story height. The v: values of — are relative (see Table 3) sit al 


beams are designed so that is approximately proportional to the panel 
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‘Fie. 25.—Cross METHOD APPLIED TO WIND-BRACING ANALYSIS. 
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SP URR ON WIND-BRACIN STE BUILDI 


ove 
shear. fixed- end beam moments, Ma, Mz, and, ( : » are for 


a uniform load a 4 kips per ft. ie The relative — values are ‘shown (Fig. 25) 


in parenthesis: and the ‘final moments are in ito 
‘In all the analyses the symmetry - of the bent and the similarity of condi- - 


tions from story to story are utilized in order to simplify the calculations. — 
One story of the bent is isolated, points of inflection in the columns being - 


ot taken at the mid- point of the story. For wind a1 ani alysis @ a point of inflection | 7 

ae taken at the middle of the center beam sp ‘span. There are, of course, no 
carry-over moments to these points, and the ‘stiffness: factors for the members 3s 


are ‘three- fourths of w hat they would be for fixed-end members of the same 


complete analysis” of the bent, for wind loads made for pur-— 


“poses of study and comparison. _ The “solution was carried as many as 30 
ey yeles. to a p point at which the change in column moments with each ey cycle 
was less than 0.5 per cent. In Fig. 25(d) the final moments are shown in 
bre -ackets, but the v various gern have been omitted for brevity. The moments © 
in Columns 1 and 8 after each successive eycle are plotted in Figs. 25(b) and 
25(c), th the ordinates the moments and the abscissas the number 
cycles completed. There is practically no change in moment in Column 
throughout the cycles of so lution, 
bec Because of the process fol 


method, it is evident that th 
the | stiffness of the columns relative the beams; that is, the ‘numer 


| 
| 


tracted when the joints a are re and ‘the moments 4 
e. It is apparent from a casual inspection of Figs. 25(b) and 25(c) that the | 
use. of the Cross method i in n the form recommended by the Sub- -Committee will 


be very laborious in the analys sis. of high building frames, because of the great 

stiffness of the columns: ‘relative: to the stiffness of the beams. This ‘relation. 
necessitates a large number of « ey which will prove very to carry out 

to the | extent which h accuracy will demand. The Sub- Committee expected that 


the semi- -graphical method “proposed would shorten the time and labor required, 


but its use will g gener rally introduce larger errors 1 than would obtain by not | 

tu using the method at all. * This" is due to the fact that the columns play such 7 
a minor part in the ‘distortion of ‘the web system 1 that the location of the 

> points | of zero moment is only slightly affected by column bending, and this — 
smal! influence can not be traced by rough approximations. Accuracy under 


these. cireumst: unces es would generally be better served by i ignoring column bend- , 
“ing entirely by distributing at once the total floor moment between, the beams — > 


7 
in proportion to their relative stiffness, ‘Ls 
‘The “process 0 distributing end moments _ as used in the case of Fig. 
is in 1 reality one of. progressive distortions, which is rather difficult to visualize © 


unless the points of inflection in the columns are considered as pinned down a 


in space before the joints are released in in each cycle of a ‘This ¢ con- ep 
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RACING IN STEEL BUILDINGS. Discussion 


ception, or its equivalent, is also 1 necessary to maintain the structure 
equilibrium during the process of end- moment distribution, beams 


ee _ The writer, , therefore, proposes a simplification of the Cross method, which | 
‘i he believes i is particularly useful in the analy sis of high building | frames when 

typical tier construction is used. The method is ‘illustrated in Fig. 26 for 


- the | same example as is w evi out in n Fig. 25(d), a and the saving in time and 


above and below he in previous ¢ case, H= = 300 ips; s; then, } 2 = Ment col 


= 3 (300 x 6}) = = 987. 5 _kips; and, f =—— = 2.99, in which f is a constant. 


Yn 


nt the first plaee, i in n typical tier construction i in high buildings the floor- 
beams gradually increase in strength from top to bottom to meet the require- 


ments of wind moments. - There ar are no sudden jumps in sizes and proportions | 


— 


2) 30) St 

846] {214} (1.0) [-211} 


(-382) 


obta: 

“Fie. 26.— —WIND-ANALYSIS BY A SIMPLIFIED MerHop, tk 
_ from one floor t to the next. _ Furthermore, the columns are gradually gaining (8) 
- stiffness relative to ‘the beams, , because | of live load and dead load require-— abo 
ments. It is not difficult to visualize or to demonstrate that under these ae 
circumstances the points of zero moment in the columns are ‘practically at | tot 
mid- -points of their clear spans, and that the elastic ‘adjustment is accom- 
lished in the beams by the movement of their points of zero moment away | Ste 
from the stiffer and toward the more flexible - of the two columns which the mor 
| 


Thus, the first simplification i is obtained, ‘and one may accept the diagrams ie 
“shown in Fig. 25(d) and Fig. 26, in which the points « of inflection in the © ; “ae 
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at the middle of their clear ‘spans. ‘The columns 
beams form an clastic syst respond under 
it wo Next, this 
system may be by analysis, avoiding the making ‘the 


Step ( (1). —Apply_ 1 000 ft- kips to the most flexible column above and 
below the floor line, and distribute moments to all the other ‘columns: in the — 
ratio of their K values. _ This may be visualized as if it were accomplished — 
by horizontal forces acting at the top and bottom of the columns at their 


eoroy of inflection, while all “the | joints ‘at the floor line are considered fixed — 
gainst rotation. These horizontal forees acting from left to right at the 


- top of the columns, and ——— to left at the bottom of the columns, will 
"deflect all the ‘columns an equal amount and produce unbalanced moments | 


ie (2).—The ends of the columns are now considered pinned i in position — 


Step ~The are released and the end distributed 
by the Cross method. Usually three eycles will give ample accuracy. 
Step p (4). —The moments in all the columns are then added together | and 


their sum compared w with the total floor moment for wind. 


(5)— —This cor comparison (Step will constant by 


the trial moments are to obtain the true moments. 


= In the anaiialies given in Fig. 26 the work has wen simplified by using in 
each column applied moments of the same above and the floor 


In an actual building the w ould be larger below floor 


it, as a general 


“4 Steps (1), (2), (3), and. | unchanged, 
Step (5)- —Multiply all the bea ieee moments: after S Step (3) by the ratio 


ve 
obtained from Step (4), to obtain t the true beam ‘moments. nthe a” 


Step (6). —F ind the ratio of the total wind moment above the floor line 
to the sum nt the column moments after Step (3) above the floor line. eee oar 


¥¢ 
—Multiply_ the column moments above the floor line | after Step 
by the ratio obtained from Step (6), to obtain the true column “moments 


above the floor line. 


Step (8) Find the ratio of the total wind moment below the floor ‘ial at 
to the sum of the column moments after Step (3) below the floor line. 


Step call column moments below floor line after 
rom to obtain ‘the: true 


an actual 


be applied at any y intermediate floor, nay the effect ‘of dee bending on al 
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‘location ‘of - the points of infisetion in the beams If it were 
found that the points of inflection — in the beams remained p practically at | ieee 
mid- “span, ‘it would mean that this operation ni need not be in the typical 
floors below, unléss. there » were some | abnormal change in the proportions « of any co 
the structure. This would eliminate a tremendous amount of work, as the that t 
- total 1 floor moments could be distributed between the beams in proportion to tion i 


reason 1 why it would not be necessary to investigate the typical floors differ 


below the trial level is that, because of the increasing relative stiffness of 
the columns as the analysis proceeds downward, the movement of the poin ; 
of inflection in the beams from mid- -span position would be less than in the 
floor investigated. By successive trials at higher levels the general loc 4 
tion of the points of | inflection in the beams will be d rmined ‘throughout 
the structure, ‘and one solution’ will easily serv serve for several adjacent floors. 
In this manner a rapid analysis may be made of th bending moments | in 
= and columns, based « on the joints at any “one floor level remaining - 
in a straight line. Throughout these operations the writer believes that 
racy - would be increased by calculating the K values of all members on 


Key in which, K,, and are the for the « 


he shows the distortion of ‘the columns under r any fractional 
that deflection, Ay with the fixed 
‘The ends. a ‘columns are pinned in posit tion. The joints are 
then released and the e moments distributed, which results the condition 
shown in Fig. Actually, the yielding of the beams has reduced the 
"moments originally induced i int the columns when the joints were held against 
rotation. At the same time the value of Ao is unchanged by condition. wre ; 
The elastic. system is now adjusted to the definite distortion, Ao, and My, 
changed to Ms. One may easily calculate the value of Ao, the original 
distortion in the columns, from the value 0 of M,. The wind load ‘moments 
may be obtained, as previously explained, by proportion, 
> The wind» moment in the left-hand column may be designated as Mo, 


and the drift in the web system under the assumed wind load « can be found 


by simple follows: equal the total drift from ‘the 


4 

ron 8 

Sie - Reference is made to Fig. 26 and the explanation that followed. In | 2 

» 

7 7 i 

— 


= 


the web system. Th he hii = Me, ‘This is ‘easily 
¢ y slide-rule. It can be applied 


naebdliaiines of spans, but depends for its correctness upon the conditions, — 
ae that the joints remain a straight | line, and that the points of inflec- 
ion in the ‘columns are correctly chosen. 


al ‘This leads to Fig. 28(a), which is drawn to indicate the influence of the 

‘difference | in shear above and” below the floor line on the location of the point 
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_SPURR ON WIND-BRACING IN STEEL BUILDINGS Discussions: 


of inflection i in the column. Given a shear of ‘unity above the floor, and 7 
the floor a shear of 1.21, Fig. 28(a) indicates that the distances to the points: 


of inflection would be. inversely proportioned to the square root of the shears. - 


under 
the eolu 
produce 


This relation of arms and reactions may be proved by the Cross ‘method, tical res 
- but i in an actual frame it would be upset if the beams i in adj: icent floors were “support 


without 


‘This relation is plotted in Fig. 28(b), in which, | a “represents one- -half— ‘support 


the clear story height of the column, and y, the value, a, plus the amount the — 
of inflection would move 1 up the mid- story point. is evident 
the difference in above and below the floor has a minor influence 
+ few stories ‘below | 

be a about 10 per cent. 1.025. stories the difference 


would be 5% and w 1.013. These values nearly 


— 


of inflection in columns being at story. the 
4 outlined i in Fig. 26 may be followed (provided the the joints remain in a straight | 
line) for the typical floors of a a high tower. 


In Figs. 25 to 28 the analysis’ of the web s system has been ‘nanan without 
1 regard to chord action. No attempt | has been made to visualize the vertical 
"Toads ‘induced in the ‘columns by the horizontal wind forces. It is. ‘evident, 
course, that overturning ‘moment must be resisted by vertical 
in th the columns, and that these forces are induced by mutual reaction betw 


columns and can not exist without the other. 


10°0" 25° 0* 


in the and beams are based on a wind 300 above a 
_ below the floor. These /moments produce definite shears i in the beams as “ai ” 


-withou 


momen 


‘cated, which, i in turn, produce definite reactions in the columns. reac- 


tions form couples which balance the of 3750 ft- kips. resisting 


moment couples s are: 7.4 X 30; 14.6 x 50; and 27.9 X 100. hey i 
7 ¢ _ The six columns and five beams may be considered as a model. The ends 


the columns ¢ are on “rollers are held between supports vertically, but 


not horizontally. The supports are held exactly in line. ‘The ends of | the 


eolumns 
— ¢ 

4 : 

| 
a | 
ve 
— story | 
— such a 
tilted 
Tf 
| 
a equal to unity that they ma e negiected in practical design, and attention 3 then, : 
follow 
4 
colum 
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olumns are considered as pin- -connected to a link of unchanging length 


ll under stress. Forces of 300 k: kips applied from left to right at the top of 
is the columns, and 300 kips from right to left at the bottom of the columns, 


produce the eendibonie of stress indicated in beams and columns and the ver- 7 
tical reactions | noted at the ends of the columns. . All the columns, beams, and -_ 7 
‘supports. have e played their part : in this result, and no member can be dual 
without modifying the stress conditions in all the ‘members. Similarly, no 
“support can be removed or moved, that re- -acts against, the end of any ¢ column 
without: a a definite change in the moments in a all the members. — When the | 


moments are modified the reactions at the column ends are modified, and 


versa, 


_ The eee in length of the columns under direct stress for one-half the 
| story height may be neglected in _this example because the column areas are 
such as to maintain the joints in a straight line, but the floor is slightly — 
7 tilted by the columns changing length under chord action. 
wth. If fifty floors were ‘superimposed like fifty models, a as shown in Fig. 2. 29, 
‘ “ then, although a any “floor ‘might be analyzed separately a as in Fig. 26, Ninna 

would not be correct unless each floor was proportioned properly. This 
follows quite naturally, since e every floor is inducing ve vertical loads into the 
columns and affecting the supports of every other floor. 


If various floors are proportioned in a haphazard manner and. analyzed 


se one may caleulate the vertical loads in the columns between any 


in the floor i in ‘question. 


Column Areas | 


: Column 


oor, ING RELATIVE MovVEMENT Dur 0 TO 


the shear i is assumed to be equally distributed in the five panels, and the beams 
are proportioned for this condition by the method | given in Fig. 26. 


bents are 20 ft. apart and subjected to a wind load of 20 Ib. ‘per sq. ft. 
80 stories of height at 12.5 eK. therefore, the moment due to wind is 200 000 


ft “kips. Further ‘more, 100 50 — 67 Vix 30 = 200 000, and, 


Va =1 600 kips on n 380 sq. in. = 4.2 kips per sq. Simila rly, Vs and Vs 


; equal 6.3 kips per sq. in. Chord deflections, A, are computed a as ieee: 


— 
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+4 1= 001 x — xX 1000 = = 0.93 ft. with the wind 


a 


x 4 000 = 2.80 ft. with 


0 oor x x — 1 000 = 4.65 ft. against the 

‘inet ten s of chord deflections are a measure of incons 
in the method. The building would have to fly to p pieces to produce these 


it is of the joints as indicated 
would ‘reduce the shear resistance the 10-ft. panels and increase it in the 


others. as compared with the assum distribution of shear. In other w ords, 


structure will adjust itself under los to reduce the amount of this action. 

y be complex | ina high tower, but is always in ‘the 


direction of maintaining plane after r bending. An exact analysis under 


adjustment m may 


49'O"Ctory Height 


these conditions is scarcely possible, 


led 


—20' o"—— <— 20' 0" 


MN DEFORMATION. 


“The usual port method of. shear distribution is shown | in Fig. 31. The” 
shears are assumed as equal in each panel ‘and the beams" are ‘proportioned 
accordingly, for a 40-: story building, ft. high: 
At the bottom, 


Me= = (20x 20 x 480): 240 = 48 100 000 ft- Ib; 


Me = 580 000 Ib.; 
Cobesin area = 145 sq. in.; and, 


= 4000 lb. per sq. in. 
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B= 0.40, Ih, = 0.375 in. 


Center Line of Column 


22. 


will greatly | 


more than of the tot: al shear. The exact 
amount will vary , from ‘tion to floor. ‘Furtherm more, the structure will “aa 


itself “wisely’ x and the inside columns will have some direct stress. aie 
"Inconsistencies for a 40-story office building of nor rmal construction are 

- listed in Table 4. 7 The story height is 12 ft. and the | bents are spaced a at 

20 ft. way up the building the chord action would be such under the 


TABLE. 4,— INCONSISTENCIES FoR A 40- Story Orrice or 
ConstRUcTION. Wixp at 20 Pounps PER Square F 


= 


bs ite 


— 
* that, for a web deflection s. (See Fig. 32) — 
It is to be ty in the exterior q 7 
y gives 100% loss of rigidity, 
| — i 
— 
ons — 


/SPURR. ON WIND-BRACING IN STEEL BUILI INGS | 
shear ‘distribution | assumed, that be slacked off th 
a= 5% ; in other words, they Ww ould be e helping the wind, and not resisting “um 1 if the 
would result in the middle panels taking 3. 25 times ; the amount ‘the rel 
shear assumed. Such a condition of stress is impossible. building adjusts -stiffnes 
itself in a complex manner toward maintaining the joints. more or less in probler 
dine, and the inside ‘panels pick u up additional shear. practic 
>. ‘The mutual relation between chord and web action is by Fig. 32. It tions 1 
Soe self- explanatory. In Fi ig. 32 the Suiniitiainn indicated are defined as follows: Baik 
= beam deflection; ¢ = column deflection ; A=0 = web deflection; 
and, z= - equivalent displacement of one end of the beam - to produce distor- 
ton in the system equal to the distortion from wind 1 shear. Let 
se = 0.001 h; 6 = 0.0009 h; and ¢= = 0.0001 h. A Then, = span X tan A= - 20 
xX 12 x 0.001 = 0.24, o or } in, The values of 6 and ¢ are representative of 


those that would to lower stories of a high building, | 


resist w vind under the recommendations of the ‘Sub- Committee. " For the case 


noted ‘the movement of one end of the beam 4 in. . affects the shear resistance of 
the panel 100 per cent. ‘J This ‘effect ¢ can ‘not be considered as one of secondary 
stress. It pr produces an equivalent stress condition, and it must be considered — | 
asa primary action that takes place throughout the : structure, , tending always _ 


“to ‘reduce the total deflection of the frame. ment 


Figs. 30 and 31 should be reviewed pres ee of Fig. 32 hes reve aled_ 
4 the mutual interacting relation of chord and web members. The i 


‘on 


of the web system by method, as shown in Fig. 26, is, of course 


“ultimately concerns itself ‘with the in _Tength of longitudinal 


under direct stress. Consistency requires an equal regard for the change 


length of the longitudinal fibers. in the chord system. An unequal change 


in length between adjacent longitudinal fibers produces ¢ curv ature, and a bent 


ean t not hold together with a different curvature between pairs of in the 


same. bent. _ Therefore, the columns m must slide by one another to correct such 


a condition of strain, and this action ‘modifies the sti ; conditions through- 
out the structure in such a manner as to reduce the amount of this relative 
slip between the ‘members of a multiple chord system. The balance comes 


= 
when the condition of minimum deflection for the structure | as a whole has 


been satisfied. Otherwise, a frame structure would be in an “unstable -condi- 
tion under internal stress from lateral 1 loads, 
Although considerable information - may be obtained the steps outlined 
Figs. 26, 27, 28, and 29, the real analysis of a high building frame must still 
be considered in its preliminary trial s stages until the vertical loads induced 
in the columns by the assumed web analysis have been ascertained. Various” | 
_ “short-cuts” may then be used, at the discretion of the engineer, to determine pr 
approximately the effect of the change in in length of the columns upon the diffe 
relative positions o of the joints in 1 any floor throughout the structure. If it = Gen 
develops, asa general condition, that the joints: would move out of line under — 
the vertical forces induced in the columns by a web: analysis which assumed 
all the joints to be in a straight line, it means that the entire web analysis. 
is inconsistent with the elastic the structure. Tt may 
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that this i Anconsist tency | is slight, but it is quite probable that it would be a 


if the. designing e engineer had proportioned the frame without, due regard to 


the relative stiffness of the va various | bents between themselves, and the relative 
stiffness of the Various panels i in any one bent under chord deflections. The | 
"problem under certain circumstances will assume terrific proportions, and for 
"practical reasons it may become , imperative for the engineer to use approxima- 

tion that do not consume an unreasonable length « of time. It It will require 


great insight and ability on on the p: part of the « engineer to arrive at a — 
solution in many cases. The general phases of the problem will involve: 


wy he application of the proper wind oad to the | structure as a whole. 


q 

he division o of total load between the various bents in Proportion 


BAL preliminary survey of the various bents, as to their probable ability 


he act together under the division ¢ of load assumed. 


4 f investigation and analysis: + Whether 


‘ 
such investigation is s for scientific pr purposes, for the owners, or for other iuter- 


ested parties, 


— 6A preliminary survey of the various bents that will necessitate the 


exercise of considerable judgment regarding the influence of : masonry in aug- 


6.— The of the general and the individual stability of the various 
be 


nts. 

After all these and similar phases: of the problem 
analysis may proceed, and the character and accuracy of ‘the methods used 


should depend upon the importance of the 


nany stories of equal height, as in dew shaft of a high 
“allding, the position of the points of inflection in the te 
- affected if there is a sudden. jump in the relation of stiffness between the — 
Be _ This does not usually happen, and this: influence can be prevented in 7 
design by making the various fic floors of equal stiffness under their respective _ 

~ loads. ~The usual factor that would affect the position of the points of inflec- 

tion j in the columns under these conditions would be the growth in wind shear 

- The ¢ general effect of this inequality in shears is to raise the points of zero a 
moment the columns: slightly above the center of the column spans. 


q thus produces a very slight i increase in the relative flexibility. of the columns 

to ‘the beams from that which would obtain by assuming the points of zero 

moment in the columns at the center of the ‘span, and tends to Teduce — 

‘difference between the moments in the columns below and ‘above the floor. 

this effect is so minor that may: be except in 


7 
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| 
| — 
. 
g When the columns are relatively much stiffer than the peas, 16 
of inflection in the beams are practically at mid-span. 


ON Ww IND- -BR: ACT ING IN ST STEEL 


a the engineer is concerned with the effect of variation in _— Vabilite « of 
-4 the beams in adjacent floors, and par ticularly » with the effect of. this variation — 
4 on the points of inflection i in the ‘columns; or if he is is concerned with | the 
- effect of differences in adjacent. story heights, whether the floor flexibility i is 
‘ the same or different, the problem is simplified in the lower stories of a high 


— by the fact the shear may be assumed constant through sever ral adja- 


cent stories in consideri ing the position of the points s of counterflexure. 
In order to visualize the problem and arrive at a key for determining the 


4 elastic conditions involved, turn, for the sake of simplicity, to the study of 


an exterior column. It may be ‘considered as of uniform section through the 7 
stories under consideration, and the cantilevers the floor lines of equal 
1 length, loaded at their ends. — This column, for the Purposes of study, has a 


‘ln: shear which would produce ar an ov ‘erturning moment at the bottom 
pes to the shear times its length, except for the interposition at the floor 


_ lines of 1 reverse couples, which are applied by the loads at t the ends of canti- 


of equal length. simile is not without considering the 


~ beams do- not move vertically, except for the movement ee by the tilting 
of the floors. The slight di nes in slope b between adjacent floors may be 


it is apparent | that if any ; of these cantilevers were more flexible than 


others, they could not have an ‘equal restraining action on the column without 
unequal amounts of internal work. With equal moments in the cantilevers: 
the: more flexible ones would deflect tian nost, and the sum total of the internal 


: work in all cases would be larger than would be the case if each cantilever 


picked up moments proportionate to. their rigidities. With the 
’ a. acting in the latter manner they would produce the “greatest 
restraint in the column with the total amount of internal work a minimum ~ 


within themselves. 


The minimum o of i 


ratio | as the magnitude of the moments 3 which | would be induced in them with | 
‘the points of of inflection i in the column a at the mid- -story points, then the points 
of zero moment will be at the mid- -story points, because the condition o of n mini- 
‘mum work in the elastic system has been fulfilled. oe = 
A condition similar to that described i in the - foregoing comments is demon- 
per by Fig g. 33, in which a single column | of constant section is framed 
to eight cantilevers of equal length, representing one-half the floor-beams, 
with their points of counterflexure at mid- “span. The story heights vary. 
The stiffness factors « of the various members a are dune in parentheses. The 
_ rigidities of the cantilevers a1 are proportional to the magnitude of the moments 


_ produced by a constant shear in the column with ——— of inflectic on n at 
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as if it were a model. _ 
ds or the column pinned in position against 

he = = “a 


translation. the free of all the cantilevers uy pward an 
7 amount, with all joints of -cantiley ers to column held fixed against rotation. — 

The "moment } induced the antilevers’ will Points of 
proportional their rigidities, and these 

moments are given in brackets. They are noted 
on Fig. 33 at the free end of the ccantiley ers for 

convenience , but, of course, e, they ‘Tepresent | the 933 
moments induced in the c mtilevers at the fixed 

joints. The free ends of the antile ve Ts are 

pinned in position. The. joints” are next. ‘made 


free to rotate and the moments distributed by the @ 


+514 +458 


ss method, consider ng thi oints remain 
‘TOSS method, msid i that al all | joints re nain ee 


ina straight line The resulting moments in (12501 
beams | indicated | at the left- hand end 
of t the beams, and the various moments: in the — 
f columns are indi icate ‘d above and below the floors, | 


along the column. ‘In the var ious stor! ies the 


sum of the column 1 mome ents, as well as the total 

hear, in that s story are indicated. It will be 


(13) 1750) 


+807 +776 


1906 


noted that the shear is not constant. This 
tes that in actual structure so pro- 


‘portioned a constant horizonta hea ar could not 
‘and still maintain the joints: i 


An ac tual structure, proportic tioned indi- 
cated, unde r distortion from “constant wind 
shear considered as a for e applied at the top of 


the column from left right, would be free 


lv 


e horizont: ils yin order to take up the proper 
shape to resist the shear. onditions of s 


5 


for such a 1 loading ean be revealed ftavtl ier” 
applie ation Cc ross method, 
being to apply | 
in the the are. as indi- 
cated Fig. 33, by | successive cycles until the 


shear is of the s same e value in all stories. If this” 


is done it will be found, for this particular struc 
- that the points of inflection cs the colum no 


are their mid-s span points, and that the 
moments: in the, cantilevers are proportional to 1014 


their rigidities. This demonstrates how to p pro 
1G. 33.—Part or BENT, IN- 


‘portion the beams in the lower stories of a hia CLUDING EXTERIOR ~ 


building to meet t the condition of unequal story y ADJOINING BEAM. 

=, 


‘heights, and have the moments of de ‘sign conform with the true moments. _ 
Tt sk should be evident, from what has gone before, that fr from the aan 


of design the gol len 1 moment for the engineer is when he i is proportioning tl the © 


21732 _ 


H= 7 
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‘structure ies analysis, if there is to be any practical attempt on his part to 


have the « caleulations represent the true ‘conditions: of stress. Tf] proper care 


4 is taken the beginning of the design analysis” to proportion the members 
the web system so as. to ‘maintain the joints in the various floors in a 
straight line, the problem may be broken into: rather simple elements. Con- 


ne it should be a] appar ent that if the structure is badly y proportioned, the 
of analysis are tremendously increased, and may nay become insur- 


mountable f from a pract tical standpoint. Furthermore, i it should be evident. 


_ that it is rather use eles, from a practical standpoint at least, to ¢ develop , mathe- 


matical “straight- jackets’ > which depend for their workability upon assump- 


_ tions Ww which violate the true conditions of elastic behavi ior. Such mathematical 7 


"processes | blind the operator to true conditions and are misleading. It seems ¢ 
far better to break the problem down into its true e elements and meet the ‘ 


of analy: sis as as possible. so doing perception and 
‘The problem column action, not 
“only as I regards aed analysis, but 2 as vente the design for the loads of con- 


- struction: and occupancy. As the e height of the building increases it — 
more ‘important to consider the question of designing the columns on 
load basis to avoid differentials in change of may 
* very high structures to a serious degree. 


Furthermore, such structures, due to the requirements of wind analysis, 
‘een continuous under live and dead load. This raises - questions in design 


_ which ultimately will have to be faced and abe en -eareful consideration. They 


involve a ‘thorough study of various types « of connections and their efficiency 


under all conditions, together with the influence of. possible relative move-. 


ments in the foundation supports. = All these are major problems which 


«greatly exceed in ‘Importance the question of exact precision in mathematical 
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The Constitution oni that the Board of Direction shall elect or reject 
“all applicants for Admission or for Pr ransfer, and, in order to determine Lael - 
the eligibility of each c andidate, the Board must t depend largely upon the 


‘This list is issued to members i in ev cry grade for the | purpose of pean. 


all such available information, and every member is urged to scan carefully 
ee monthly list of candidates and to furnish the Board with data in ra 
to any applicant which may aid i d in determining his eligibility. 7 It is the — 


of all Members to the . Profession to assist the | Board i in this manner. Oe - 


is ‘especially urged, in communications concerning applicants, that 


Definite Recommendation as to the Proper Grading m ‘ach Case be given, 


4 
inasmuch as the grading must be based upon the opinions of those who know | 


the applicant personally, as W as” upon the nature and extent of his 


fessional experience. If Soot exist derogatory to the personal character or 
to the | professional reputation of an applicant, they should be promptly com- 


-municated to the Board. Communications Relating to are 

Board of | Direction will not consider the applications herein. 
‘tained from residents of North America until the expiration of thirty (30) 


a 


days, and from non- residents North until the of ninety 


(90) days from August 15, 


General Requirement Age of | Responsible 


Active Practice charge of 


Qualified to design as well as to st 
Member direct important work 35 ‘years ‘Wyears* | years 


Qualified to direct work | ‘years 8 years® 


Qualified for sub-professional 
work 


20 20 yearst years* 


| Qualified by scientific acquire- | 


ments or practical experience 12 yearst 
to co-operate with engineers m 


* Graduation from a school of a ineerin, of reco; ceed reput: tion is e uiv jeat t 4y ti " 
rom ig recognize Teputatio eq val e years active 
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The fact that applicants. give names of certain” members referen 
Bving 
BURR 
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FOR ADMISSION | 7 ‘CACAC 
ABBEY, CHESTER EDWARD, St. Louis. BE NSCOTER, STANLEY URNER, Kansas" ‘Sheri 
Mo. (Age 21). Refers to E. Sweetser, City, Mo. (Age 21). to Cross, 
J. L. Van Ornum. ude J. Doland. 
AGONIAS, EUSEBIO MALY AR, Rella, Mo. 
(Age Refers to C. Bardsley, J. B. 
Butler, E. W. Carlton, —_— 


AHRENS, HERBERT EMMETT, Rolla, Mo. Harris W. Jablon ky. 
(Age 35). Asst. Prof., Missouri School of 


BIRKELAND, HALVARD WESSEL, Seat- 
Mines. Refers to C. E. S. Bardsley, H. C. tle, Wash. (Age 24). to I. Collier, 
Beckman, J. B. Butler, W. S. Gearhart, E. Hawthorn, Ivarsson, G. C. More, 
E. G. Harris, C. M. Slaymaker. G. 
ALBERTIS, ALEXANDER JOHN, Urbana, _ BLAIN, “WILBER ALEXANDER, Mercer, 
Ill. (Age 23). Refers to J. S. Crandell, Pa. (Age 23). Refers to F. J. Evans, F. M. 
W. C. Huntington, C. E. Palmer. McCullough, J. H. Robinson, B. Stanton, 
ALEXANDER, JAY, Dailas, Tex. (Age 36). A. Thomas. 
Civ. and Mech, Engr. Refers to C. T. BLISS, PERCY HENRY, Va ‘ancouver, W | 
awthon, N. Floyd, J. 24). Refers to A. H. Beyer, M. 
Fowler, G W. Hamilton, A. W. Hardy, ‘i. 
Hawley, J. A. Norris, J. W. Pritchett. BODDINGTON, NORMAN, Punjab, India 
ALLEN, LLOYD LEE, Philomath, Ore. “(Age 32). Capt, Royal ners. ; Subdivisional 
25). Refers to J. R. Griffith, H. S. Rogers. Officer, Hydro-Blec., Branch, Punjab Public. 
ROBINSON, St. Works Dept. Refers to D. 8. McPhail, 
Louis, Mo. (Age 33). Sales Represent ative. G. Wheatley. (Applies in accordance 
‘American Bitumuls Co. Refers to 3 with See. 1, Art. I, of the By-Laws.) 
Brown, J. F. 2 BOGART, DEAN BUTLER, Bloomfield, N. J. 
Fahrney, W. M. Francis, H. K. Presion, 1 (Age 22). Refers to H. N. Cummings, Ww. S. 
WwW. J. W agner. of Lal onde, Jr. ‘ 
ALOFF, ABRAHAM MARTIN, Dorchester, pONNELIL “JOHN CALVIN, Morris, Il. 
Mass. (Age 24). Jun. Examiner, Div. of "(Age 27). Supt., Congress Constr. Co. Re- 
Civ. Service, Commonwealth Massachu- fers to R. Andrew. R. A Sr 
setts. Refers RE. 8. Dorr, A. ‘Haertlein, >. A. Harmen. W. C. Weeks. 
_L. J. Johnson, L. J. Phillips’ 


BERKENBOSCH, JOHN CARLON, 
wood, Mo. (Age 22). Refers to Cc, 
Bardsley, J. B. Butler, E. W. Carlton, 


NDERS ; > ra) BOOK AN, MAX, Los Angeles, Cal. (Age 

‘Portland, Refers to Derleth, Jr, B. A. Biche. 
ATTRIDGE, WILLIAM JAMES, Rigby, BOOTHE, PERRY MATTISON, Lox Angeles, 
‘Idaho (Age 28). Refers to I. N. Carter, Cal. (Age 22). , Refers to F. J. Converse, 
_I. C. Crawford. J. W. Howard. © —R. R. Martel, W. W. Michael, F. Thomas. 
BACKMAN, JOHN EDWARD, Sea Isle City, BOWMAN, EDWARD KNOTT, ~ Olympia, 
21). Refers to E. F. Berry, Wash. (Age 22 Refers to I. Collier, 

Church, L. Mitchell, S. D. Surason. — May, C. More, 

GEORGE, P O _G 
Pa. (Age 24). Refers to H. L. Bowman, 
BAKER, AMES LEROY, Corsicana, 
(Age 22). Plant Inspector, Texas State BR. ANIN, FRANKLIN HU a ING. § South — 
Orange, N. J. (Age 42). Chf. Engr., 
Highway Dept. Refers to M. Bowers, cad 
-R.C. Gans, E. J. McCaustland, H. K. Rubey. ‘Structural Steel Board of Trade, Inc., } lew 
_BARCL. AY, ROBERT KENNEDY, Oakmont, ‘York City. Refers to W. O. Barkley, J. P. 
Da. (Age 22). Refers to A. Diefendorf, Churchill, Coyle, A. D. Crossett. R. 


McCandliss. “BRENNAN, E. Pistor, R. von Fabrice. 
CARL LEON, Birmingham, Ala. BRENNAN, WILLIAM ANDERSON, W hite 
(Age 30). Refers to J. G. Allen, G. "Binns N. Y. (Age 37). Deputy Commr. of 


Davis, C. A. duPlantier, N. E. Refers, 

Jerusalem, Palestine (Age 33). Engr. and 
‘Contr. Refers to P. H. Budd. H. Grand, I. BREWER, Ww IL StI souls. Mo. 24). 
Gutmann, H. P. Hammond, E. J. Squire. Engr. 
to H. T. Critchlow, S. B. Folk, 0. W. Hart- Brooklyn, N. Y. (Age 22). Refers to. 
well, O. Lauterhahn. L. Lee, A. Babcock, 8d, H. K. Barrows, Spofford. | 
BATES, ABEL JACOB, Webster, (Age ‘BROOKS, LEONARD, hiladelphia, Pa. 
Refers to A. Haertlein, L. J. Johnson. (Age 21). Refers to M. Brooks, M 0. Ful- 
BAUGH, ANSEL, Dallas, Tex. H. G. M. Sax, C. Bather- 
(Age 34). Ge Mgr., Texas Branch, As- and. 
sociated Gen. Contrs. Refers to F. N. Bald- _ BROWN, R AYMOND SHEARER, ——— 
O. H. Koch, T. G. Mac- (Age to. Hnntington: 
Carthy, E. N. Noyes. 4 ross, . e olant untington 
BELZ, CHARLES JOHN, Dayton, Ohio (Age  W.A. Oliver, G. W. oo 
; 40). Asst. Prof. of Civ. Eng., Univ. of BROWN, WALTER AUGU “a. Covina, 
Chamberlain, Jr., Keyser, R. *. C. Kelton % Park. 
Prinz, B. T. ERKLE, HERBE RT “COSMOS, Jewark, 
BENNETT, NELSON CLARK, Brooklyn, J. (Age 27). Asst. Civ. -Engr., Eng. 
N. Y. (Age 21). Refers to H. R. Codwise, County of Essex. Refers 
=H. P. Hammond, L. F. Rader, E. J. Squire. Cummings, W. Ss. LaLonde, 


(Age 25). Asst. Engr., U. S. Geological — 
Survey, Water Resources Branch. tefers 
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RANK _ GEORGE, Philadelphia, 
Cruse-Kemper Co., 

Cc. Mickey. Refers to H. C. Berry, F. 0. 
‘BURRILL, CECIL LLOYD, Ww ‘Dufour, 7. & Dunlap, S. E. Fairchild, Jr., 
(Age 26). Refers to G. E. Hawthorn, C. C. | od. A. ‘Russell, EK. R. Schofield, C. L. War- 

LOUIS, ROBERT, Yonkers, : DENNIS, HAROLD DONALD ‘Beattie, 
(Age 23). ‘Refers to J. J. Costa, “Wash. (Age 23). Refers to I. Collier, 
Sheridan. @ Hawthorn, C. C. May, “C. More, 

Cal. (Age 7 Refers to I. L. Collier, G. E. DeRISO, WALTER CARL, North Bergen, = 

‘Hawthorn, May, C. More, ON. J. ‘(Age 25). Refers to E. R. Cary, 
Tyler. 
CAMPBELL, ROBERT LELAND, DeWITTE, THEODORE RICHARD, Port-— 

City, Mo. (Age 28). Refers to C. E. S. land, Ore. (Age 25). Refers to S. M. P. - 

Bardsley, H. C. Beckman, J. B. Dolan, J. R. Griffith, H. S. Rogers. 

W. Carlton, BE. G. Harris. DICKM AN, W. BERNARD, Chicago, Ill. (Age_ 

CANTINE, THOMAS ROBINSON, Portland, 28). Refers to. Babbitt, H. Cross, 

Ore. (Age a Refers to J. B. Alexander, J. J. Doland, H. H.. Jordan, J. Vawter, cc. 

Henny, H. S. Rogers. ‘DIGGES, EDWARD WILLIAM, _Clewiston, 
_CARAMANIAN, ARA, Newark, Fla. (Age 37). Asst. Engr., U. S. Army 

Refers to H. Cummings, W. Ss. “Engrs. Refers to R. B. H. Begg, H. 

CARLSEN, CHRISTIAN ELMER, Indianap- ‘Mead, x. Patterson, R. W. Wardwell, 

olis, Ind. (Age 22). Refers to W. K. Hatt, 

S. Hollister, R. B. Wiley. DINKJIAN, NUB AR, West New NL J. 
: CARRIER, ROBERT TYRRELL Corfu, (Age 22). Refers to F. E. rou, 
N. ¥. (Age 24). Refers to G. Elbin, 
ee "DIXON, JOSEPH GRUNDY, Philadelphia, 
CASE, CHARLES ROBERT, Randolph, (Age 21). Refers wid Bowman, 
(Age 21). Refers to G. Elbin, A. R. J. Leonard. 
Webb. DORFMAN, JULIUS, Philadelphia, Pa. (Age 
(CASEY, JOHN JAMES, San rancisco, Cal. Bay, . Refers to H. L. Bowman, S. J. Leon- 
(Age 42). City Bner., City and County of 
San Francisco. to M. J. Callaghan, DOUBITZKyY, AARON, New York City (Age 
A. J. Cleary, L. H. Nishkian, Pe M. Owens, 26). __ Refers to H. P. Hammond, E. J. 
F. O. Shutts, H. J. Stahle, L. Tegtmeyer. a Squire. 
“FERDINAND EDWARD, Orange, DOUGHERTY, DONALD FIX, Dallastown, 
N. J. (Age 31). Refers to H. Cummings, Pa. (Age 23). to G. H. Elbin, A. R. 
CLARK, JOSEPH THOMAS, Atlanta, Gq. DRAGO, EMANUEL ANT HONY, Mariners 
{Age 26). to J. W. Barnett, R. P. Harbor, N. Y. (Age 21). Refers to F. E. 
‘Black, Seymour, F. C. Snow. Foss, G. J. P. J. Williams. 
COLICCI, ANTHONY, Provi- DUYM, WILLIAM pANTHONY, South 


Billmyer, J. L. Murray. .§ | Asst. Bldg. Div., New Jersey Bell Tele- 


‘dence, R. I. (Age 22). - Refers to Cc. D. Orange, N. J. (Age 27). Clerk and Eng. 
ALBERT inspector with phone Refers to H. Cummings, 


ington Park, Cal. (Age 39). Inspector with Eschenfelder, H. W. Helimann, W.S. 
Los Angeles County Flood Control. Refers LaLonde, Jr., I. T. Redfern. | 

to E. Cc. Eaton, R. M. Fox. N. B. Hodgkin- EHRLICH, OSCAR CHASKELL, Brooklyn, 

son, F. C, McMillan, B. R. Metcalf, C. EL oN. Y. (Age 25). Refers to H. P. Ham- 

Pearce, A. E. mond, BE. J. Squire, 
COLLINS, WILLIAM TAFT, Columbus, Ohio _ BLGES, CARL HENRY, JR., Reno, Nev. 

(Age 22). Refers to C. T. Morris, R. P. (Age Refers to H. 
Powell, “J. C. Prior, C. B. Sherman.’ Boardman, 

COOPER, FRANK SCOTT, JR., Roanoke, ‘ELLIS, BRUCE WILLIAM, Buffalo, 

Va. (Age 23). Refers to G. E. Beggs, 22). Refers to Lawson, wal 

COUCHERON-AAMOT, WILHEL M, Belle. EVANS, N. J. (Age 

ville, N. J. (Age 30). Refers to A. . 28). Refers to G. E. "Beggs, F. H. fin tex 

Beyer, D. M. Burmister, J. K. Finch, W. ‘FABER, BENNIE HERMAN, Austin, Tex. 

(Age 38). Reclamation Tech. Asst. Ener., 
CRESSWELL, FREDERION | SORENSEN, Texas Reclamation Dept. Refers to E. 
- Cincinnati, Ohio (Age 24). Inspector and - Gustafson, J. A. Norris, J. J. Richey, A. . . 

Instrumentman, Cincinnati Union Terminal _Rollins, G. G. Wickline, B. F. Wiliams. 

Co. Refers to H. B. Luther, R. W. Renn. - AREGH, MOHAMMAD-ALI_ SAMITAN, 
CROWLEY, LEO FRANCIS, Detroit, “Mich. Cambridge, Mass. (Age Refers to A: 

(Age 36). Acting Asst. Engr. of Surveys, Haertlein, L. J. Johnson, T. Johnston. 

City Engr.’ s Office. Refers to P. A. Fel FERRE, HERMAN, Ponce, eet Rico a? 

lows, M. R. Fisher, J. A. Fox, M. FL "Asst. Engr., Design Dept., Porto Rico 
: nitz, F. "ED. Weber. Iron Works, Ine. Refers to a V. Davila, 


= 


CUNNINGHAM, Tice JOHN, Yonkers, M. Font, S. Quinones, R. Ramirez, E. Totti — 
N. Y. (Age 22). Refers to W. K. Hatt, 7 Torres, 
Henderson, S 8. C. Hollister, F. J. Laverty, FIDLER, _ HAROLD ALVIN, Philadelphia, 7 
G. BE. Lommel, G. P. Springer, R. B. Wiley. Pa. (Age 22). Refers to H. L. ve 
CHARLES DANIEL, Vicksburg, _S. J. Leonard. 
Miss. (Age 25). Asst. Director, U.S. Water FISH, FRANKLIN WAKEFIELD, 
ways Experiment Station. Refers to ‘son, "Ariz. (Age 23). Refers to E. S. "Borg- 
Brown, E. N. Burrows, J. B. Perry. __ quist, F. C. Kelton, J. C. Park, G. E. 
CURRAN, D ANIEL EDWARD, LaGrande, Smith 
Ore. (Age 28). to S. M. P. Dolan, FLORAS, CHRISTOS 1 LAZARE, 
Griffith, W. Holcomb, H. Polan, Greece (Age 26). Engr., Eng. Div.. Ministry 
D ARNELL, WitLlale EDWARD, JR. (Age of Hygiene, Athens, Greece. Refers to H. G. 
Refers to C. &. S. Bardsley, J Baity, W. Donaldson, T. F. Hickerson, 
Butler, E. Carlton, E. G. Harris. Saville, BR. ‘Trimble. a 
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WILLIAM EDWARD, Newport, HARRIS, ROY MONTE, Seattle, Wash.(Age |= JENS 
“R. I. (Age 25). Refers to J. J. Costa, A.V. Refers to C. W. Harris, G. E. Haw- Mo. 
Sheridan. Krafft, More, R. G. Tyler. 3. 
FOSTER, ELMER LAURENCE, Indianapo- HAWKS, RALPH WAITE, Newburgh, N. 
— dis, Ind.’ (Age 21). Refers to W. K. Hatt, (Age 21). Refers to W. W. Rousseau, H. 0. — tady 
B. Wiley, Sharp Rous 
FRENCH, CHARLES HOTTEL, Woodstock, FRANCIS HAYNES, Glenuale, Cal. JOH? 
(Age 21). Refers to W. S. Lohr, L. (Age 44). Chf. Hydrographer, Los Angeles dale. 
i Perry E. H. Rockwell, G. F. Roehrig, F. W. County Flood Control Dist. _ Refers to E. A. Begs 
Orange, N. J. (Age 21). Refers to H. edger, L. C. Hill, J oyner, 
Cummings, EBERT, DONALD JOSEPH, Pittsfield, 
— FROST, EARL THOMPSON, Lakewood, HEBERT, DONALD JOSEPH, Pittsfield, ‘Fr. 
= ~ a as Avge Ars S q n. 
Ohio (Age 38). Asst. Engr. Cuyahoga Mass. (Age 22). Refers to C. T. Johnston, 80 | 
County Surveyor’s Office. Refers to E. C. TH. W. King. 
Blosser, R. C. Chaney, W. H. Evers, F. A. HECTOR, HARTLEY HUMMEL, San Fran- 
FUTRAL, ALLEN ASHLEY, Savannah, Ga. Recreation Comm., City and County of San (Ag 
(Age 20). Refers to R. P. Black, W. L. Francisco. Refers to I. Foote, G. S. Tex 
Brown, J. H. Johnston, G. L. Reed, F. C. Harman, P. A. Swafford. 
Snow. ‘HERBERGER, ARTHUR HENRY, New Me 
—  AKORGE HARDING. francisco, York City (Age 22). Refers to H. E. Breed JOH 
GAMA, GEORGE HARDING, San Francisco, ity (Age 22). R H. 
Gal. (Age 28). Draftsman, San Francisco A. Haring, BE. G. Hooper, C, T. Schwarze, 
Water Dept. Refers to A. J. Barclay, I.E. D.S. Trowbridge. © Ma: 
J. W. Gross, A. F. Harter, H. F. HIGGS, GEORGE, JR. Astoria, N. (Age 
Jerauld, C. A. Lauenstein, 26). Student in Civ. Eng., New York Univ. N. 
oe " GARING, ATHOL CLYDE, Seattle, Wash. — Refers to W. H. Correale, L. Nadel, C. T. 3d, 
"(Age 23). Refers to I. L. Collier, G. E. Sehwarze, H. H. Snyder, D. 8. Trowbridge. JON 
Hawthorn, C. C. More, R.G. Tyler. = HILL, ROBERT FARRIS, Dalton, Ga. (Age 
GAUTHIER, RAYMOND EMILE, San Fran- Refers to R. P. Black, W. L. Brown, Bre 
Cal. (Age 33). Refers te C. Dem FO JON 
‘Jeth, Jr.. B. A. Eteheverry.  £-HILL, WILLIAM CRAWFORD, Minneapolis, 
GENDRON ROLAND ARTHUR, Philadel- Minn. (Age 27). Materials Inspector, Min- | 4 E, 
phia, Pa. (Age 24). Refers to H. L. Bow- nesota State Highway Dept. Refers to ONG 
man, S.J. Leonard. §.§ Bass, J. A. Childs, A. S. Cutler, H. M. Hill. 
GOEHRING, FRANK ELDON, Yellowstone HINCHMAN, JAMES BENJAMIN, St. Louis, 49 
Park, Wyo. (Age 21). With U. S. Bureau Mo. (Age 22). Refers to C. E. S. Bardsley, Re 
hog - of Public Roads. Refers to E. 0. Berg- H.C Beckman, J. B. Butler, E. W. Carlton, TT. 
Eckel, E. W. Raeder, W.H. Thoman. HOBBS, WILLIAM, JR., Union Bridge, Md. 
4 GRIBBIN, JOHN BRESLIN, Trenton, N. J. (Age 23). Refers to J. H. Gregory, > 
‘Trafic Comm. Refers to A. G. Bisset, J. T. HODGES, GLENN EDWARD, Adair, IU. 
Dean, E. W. Denzler, Jr., W. Z. Kline, A.G. (Age 23). Refers to J. J. Doland, W. 4 
-Nicolaysen, B. A. Owen, A. Swan, Jr., Huntington, T. C. Shedd, F. W. Stubbs, 
GRIFFITH, JOSEPH GORDON, Manchester HODGES, THOMAS LAWRENCE, Swanna- 
Center, Vt. (Age 24). Refers to H. Cross,  noa. N. C. (Age 24). Refers to L. Mann, 
J.J. Doland, T.C. Shedd, Tucker, J. S. Whitener, KA 
GUSTAFSON, WILFRED FRANK. Austin, HOGAN, ELMER ROBERT, Seattle, Wash. 
Tex. (Age 25). Refers to E. C. BH. Bantel, (Age 24). Refers to W. Harris, G. 
P. M. Ferguson, J. A. Focht, E. N Gustaf- Hawthorn. C. C. May, J. W. Miller, C. ‘KA 
es HAAG, ADOLPH, New York City (Age 33). HOGARTH, CHARLES _ PINCKNEY, | Jz. oD 
Refers to R. L. Bertin, W. K. Brownell, Rrunson. S. C. (Age 20). Refers to BE. L. 
F. 0. Dufour, J. L. Orr, O. S. Schlich. Glens, 
HALLVIK, CARL CLIFFORD, Cceur HOPWOOD, ROBERT HENRY, Nashville, 
Idaho (Age 25). Retere to I. N. Tenn. (Age 25). Refers to E. D. Roberts, | 
— __Carter, I. C. Crawford, J. W. Heward. C¢.S. Whitney. 
Tis ; HAMILTON, JAMES WILLIAM, Omaha, HUEBNER, CARL HERMAN, Newark, N. J. a, 
Nebr. (Age 24). Refers to H. J. Kesner, to H. N. Cummings, W. S. 
-HANACER, MONROE itERMAN, Los An- HUNT, LOREN WILSON, Berkeley, Cal. 
geles, Cal. (Age 46). Contr. Engr., Minne-— (Age 25). Laboratory Asst., Eng. Materials a9 
apolis Steel & Machinery Div., Minneapolis- Testing Laboratory, Univ. of California, Re- 
= Moline Power Implement Cv. Kefers to fers to R. E. Davis, B. A. Etecheverry, F. C. 
‘R. A. Badt, T. A. Beyer, J. B. Gitman, J. W. Herrmann, M. M. OShaughnessy, C. 
_Mair, S. O. Sprager, A. van Rensselaer. = Rankin, G. E. Troxel. 
HANNAH, DAVID MacMORRAN, Batavia, HUNT, OLIVER PARKS, Green Island, 
— N. Y. (Age 23). Refers to L.'M. Gram,  N. Y. (Age 22). Refers to C. E. S. Bards- _ _. r 
4 'T. J. Mitchell, R. L. Morrison, W. C. Sad- ley, J. B. Butler, E. Carlton, E. G. 
HANSMAN, ARTHUR FRANCIS © Albany, HURTGEN, HAROLD RAY, St. Louis, Mo. 
Y. (Age 27). Asst. Engr., Grade 2, Div. (Age 23). Refers to M. H. Doyne, R. Sailer, 
of Highways, New York State Depr. of Pub- O. Sweetser, J. L. Van Ornum. 
ie’ Works. Refers to L. Holmes, H. 0. WYDE, WALTER WILLIAM, Post, tx, 
4 ‘Schermerhorn, A. P. Skaer, W. M. Stieve, 46). Asst. Rew. Engr. Texas State 
HANSON, ARTHUR HENRY,_ Tacoma, Jr., GR. Johnston, T. J. Paim, R. J. Potts, 
— Snyder, J. G. Woodburn, ALBERT FREDERICK WALTER, 
HARKER, JOSEPH CLYDE, Los Angeles, Brooklyn, N. Y. (Age 22). Engr., Capitol 
aaa Lol Cal. (Age 24). Refers to R. M. Fox, D. M. — Steel Corporation of New York. Refers to  & 
‘Wilson Hammond, B. J. Squire 
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JENS, STIFEL WILLIAM, University City, & Crossing Co. 
Mo. (Age 30). Refers to E. O. Sweetser, Hooper, Cc. T. Schwarze. 
Vee KNOTH, FREDERICK CONR: AD, _Denver, 
_JESMAIN, BURT GAKDNER, JR., ‘Schenec- Solo: As ge 30). Refers to E. O. "Ber rgman, 
“tady, N. ¥. (Age 22). Refers to W. Ww Downing, R. Dungan, C. L. Eckel, 
Rousseau, H. O. Sharp. Raeder, Simonds, W. 
“dale, (Age 23). Refers to G. KOCHTITZKY, OSC AR WILBUR, JR., Mt. 
Beggs, H. Constant. Airy, N. C. (Age 20). Refers to G. 
JOHNSON, CHARLES HERBERT, Nash- Baity, T. F. Hickerson, T. Saville. 
ville, Tenn. (Age 54). Asst. Chf. Engr. with a KOE HLER, WALTE R HE NRY, tow York 
Refers t6 Chattanooga & St. Louis Ry. City (Age 37). Civ. Engr., Pan "yy 


McDonald, W. F. Schulz, C. B. Wil- Foss, C. Kirschner, A. M. McKean, J. 

| JOHNSON, EMIL UNO, Bronx, N. Y. (Age KOFOID, ORVILLE, Portland, Ore. ee 
24). Refers to F. E. Foss, G. Morrison. -— '93). Refers to J. R. Griffith, H. S. Rogers : 

JOHNSON, MASON, Corpus Christi, Tex. KOLB, JOHN THOMAS, Pardoe, Pa. 


Refers to J. M. Johnson, C. E. Kauffmann, «ee & Transport Co. Refers to F. 


(Age 36). Maintenance Project ’Ener., Refers to G. H. E ibin, A. RL Webb 
Texas State Highway Dept. Refers to T. W. ‘KOL .ESOFF, SERGE IVAN, Santa Monica, 

Bailey, G. Gilchrist, T. E. Huffmen, A. J. 4 Cal, (A With City Engr. Refers 

McKenzie, W. E. Simpson, G. G. Wickline. Ww. R. M. Fox, F. M. Hines, 

JOHNSON, ROY WILLIAM, Seattle, Wash. G. S. Tapley, Ww. F. Way. 

22). Refers to I. L. Collier, C. C. -KOPERSKI, JOE_ JOHN, Chicago, 

May, C. More, Byler, Refers to J. G. Bennett, T. L. Cond-— 

JOHNSON, STANLEY LATHROP, Ossining, ron, G. W. Hand, W. E. Hi art, ‘Kin- 

— x. (Age 22). Refers to J. B. Babcock, ney, C. L. Post. 
_3d, C. B. Breed. -KOWITZ, ARTHUR WILLIAM, 

7 JONES, LOUIS EDWARD, Chicago, Ill. (Age ' (Age 22). Refers to H. Cross, J. J. Doland, © 

28). ‘fo J: B. Babcock, , 3d, Cc. B. C. Huntington, T. C. Shedd. 
Breed, W. “OY, JUSTUS JOHN, Houston, Tex. (Age 

JONES, AM PERRY, Urbana, 238). ‘ler x. Drafting Dept., United Gas" 

- Ii. (Age 21). Refers to H. E. Babbitt, | System. Refers to J. S. Broyles, L. B. 

 E. E. Bauer, J. S. Crandell, J. J. Doland, — _ Ryon, Jr., L. V. Uhrig, R. ¢. S. Watson, 
Cc. Huntington, T. C. Shedd, C. C. Wiley. EL White. og 
JONY, EMERICH, Philadelphia, Pa. (Age K RAP F, WILLARD _ PAU L, Wilmington, 
49). Engr., Pennsylvania Dept. of Health. — De 1. (Age 22). Refers to H. _K. Preston, 
Refers to A. G. Hageman,’ R. W. Thoroughgood. 

T. B. Parker, S. G. Roebiad, F. Vaughan, -KRISHAN, ROBERT FRANK, Philadelphia, 
JORGENSEN, ROY ERNST, San Francisco, J. Leonard. 

Cal. (Age 24). Jun. Highway Engr., U. S. AS, ANTHONY JUSTIN, 

Bureau of Public Roads. Refers to H. A.  W. (Age 23). Instrumentman. Virginia ‘ 

Alderton, Jr., R. E. Davis, C. Derleth, Jr., Com. n. Refers t to L. Carpenter, 

4 _witz, C. Sweetser, KRING, CHARLES UDELL, Urbana, 
ABRICH, | CHARLES EDWARD, Chris- (Age 21). tefers to W. 
“Hansburg, Va. (Age 24). & efers to R. 

LAGAARD, MAURICE BE RNHART, Minne- | 
KAHN, ANUEL LINDE, Chicago. | apolis, Minn. (Age 40). Chf. Engr., Minne- 
22). Refers to J. S. Crandell, W. A. apolis Bridge Co. Refers to F. 
_ Oliver. Bass, A. S. Cutler, O. M. Leland, F. R. 
AMPMEIE R, ROLAND AUGUST, Cedar Millan, G. A. Maney, J. I. Parcel. 

Rapids, Iowa (Age 21). Refers to H. A. LAMBRECHT, RICHARD WALDO. Detroit, 

Davis, R. B. Kittredge, F. T. Mavis, F. A. Mich. (Age 82). Engr., G. Christman. 
‘Nagler, C. C. Williams, D. L. Yarnell. Burke Refers” to L. M. Gram, J. T. N. 

= ARP, JACOB RESNICK, Roosevelt, N. Y. Hoyt, w. Hubbell, R. L. MeNainee, S. D. 

(Age 82). Senior Topographical Draftsman, Shoecraft, J. H. Wasson. 
Long Island State Park Comm. Refers to LAMOREAUX, RAYMOND, Schenectady, 
Five, W. K. Koch. E. L. ‘Lavine, ¥. D1). Refers to L. W. Clark, 

Lovering, J. J. Weinrib. H. B. Compton, T. R. Lawson, W. W. Rous- 

—cuse, N. (Age 35). Deputy City LANDIS, DAY BLISS, West Orange, N. 

Refers to S. N. Grimm, Ss. Herrick, G (Age 22). Refers to H. N. Ww. 5S. 

Holmes, L. Mitchell, M. B. Palmer LaLonde, Jr. 

KEIM, SAMUEL GEORGE, Hammon, a. LANE, THOM: ALPHONSUS, Roslindale, 
(Age 23). With Okiahoma Highway, De- _— Mass. (Age 25). Refers to Cc. B. Breed, — 
Refers” to E. R. Stapley, G Cc. M. Spofford. 
Stone. LANGFORD, LEONARD LIONFL, New 
KENNEDY, CH ARLES THOMAS, Cincin- ork City (Age 33).  Engr., Pacific- Flush- 

nati, Ohio (Age 35).. The Kennecrete ‘Tank Refers. to: H. B. Cleveland, F. S. 
Inc. Refers to R. W. Bame, W. Ww. ‘Friel, G. Hess, G. W. Knight, G. 

B. W. Clark, H. J. Gould, H. W.  Mebus, L. Robinson, F. K. ‘Wing. 
Hanly, E. C. Harding, J. Lichter, JOHN JOSEPH, New York City 
Loring, H. B. Luther, F. W. Morrill, J (Age 21). Refers to F. E. Foss, G. Morri- 
‘Rafferty, W. ¥. Sehmiedeke, c., M. ‘Spoftord, 
KENNY. FRANCIS JOSEPH, el Pa. Refers to H. P. Hammond, J. Squire. iil 
— (Age 22). Refers to H. L. Bowman, S. a LAVERGNE YORDAN, LU 18, San Juan, 
Leonard. Porto. Rico (Age 28). Treas., Earl K. 
KE RN, LOUIS. JOSEPH, Elmhurst, Burton, Inc., Engrs. Refers to EB. Baez- 
(Age 22), Refers to Hammond, E. Rodriguez, R. A. Beer, J. Benitez-Gautier, 
Quinones, R. Ramirez, C. del Valle Zeno. 
ANTHONY, ‘IR., “Hoboken, N q J. OL EMASSENA, RICHAKD WAYNE, Newark, 
25) Draftsman and Engr., New York N. 23). Refers to H. D. Allen 
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_N. Cummings, F. F. “Griswold, W. 
_LaLonde, Jr. 


gs. 


LEMMON, ALLEN BOSLEY, 3D, Palo 
Cal. (Age 24). Graduate ‘student in Civ. MARK, RICHARD SHENK, "Williamsport, 


Eng. (Structural), Stanford Univ. 
to L. Fish, F. H. Fowler, E. 
Reynolds, J.B. Wells. 

LEV ANTINE, LEO BURTON, 

71 City (Age 24). Refers to. 

Cc. T. Schwarze. 

LEVY, GEORGE, Brooklyn, 

Refers to H. P. Hammond, L. Rader, 

KE. J. Squire. 
LEWIS, CHARLES) KIMMEL, 
“Cal. (Age 22). >» Refers to W. W. Michael, 
LEWIS, GEORGE 


Refers 


York 
Hooper, 


NEEDHAM Balti salti- 
more, Md. (Age 25). | Inspector, _ Maryland — 
‘State Roads Comm. iefers to C. B_ Bryant, 
H. G. Campbell, J. H. Ensey, C. D. Jones, 
A. F. Shure, V.'B. Siems. | 

‘LEWIS, LLOYD HAMLIN, Wilmington, Del. 

(Age 21). Refers to H. K. Preston, R. Ww. 

_Thoroughgood. 
LIPP, MAURICE CARL, ‘Roswell, N. 

B 21). Refers to J. L. Burkholder, J. H. 
_Dorroh, R. G. Hosea, H. C. 
_ Ream. 

PINTO, VICTOR JOSEP New York 
_ City (Age 23). Refers to J. 7 "Costa, A. V. 
LUNDIUS, ROY HAROL St. Louis, Mo. 
(Age 21). Refers to C. E. S. Bardsley, 

J. B. Butler, E. W. Carlton, E. G. Harris, 
LYNN, AARON VERNON, Blandford, Mass. 
(Age 81). Asst. aS Springfield Water- 
‘Works. Refers to . Chase, C. 

Sverett, H. H. Hatch, A. H. Holt, E. wil 
J. L. Tighe, W. F. Uhl. 
_MacMURRAY, JOHN, JR., West Milford, 

ON. J. (Age 29). Refers to H. F. Peck- 
worth, K. G. Smithh 
MacPEEK, ARTHUR WILSON, Newark, 
J. (Age 23). Refers to H. N. 

S. LaLonde, Jr. 
McC ASKEY, (AMBROSE EV EVERETT, IR. 
New Martinsville, W. Va. (Age 22). 

fers to L. V. Carpenter, R. P. le 
McCREERY, DONALD HULL, Pasa dena, 

Cal. (Age 33). Engr. and Gen. Supt., 

Richards-Neustadt Constr. Co. Refers to 
OR. J. Hiller, C. T. Leeds, W. Putnam. R. J. 

_ Reed, A. G. Roach, I. L. Tyler, Cc. White. | 
Me -GRATH, JAMES JOSEPH, St. Louis, Mo. 
4 (Age 23). Refers to C. E. S. Bardsley, 

i C. Beckman, J. B. Butler, BE. W. Carlton, 
4 E. G. Harris. 

Me KENZIE, NEVILLE PRICE, Birmingham, 
_ Ala. (Age 23). Refers to W. C. Cram, Jr., 
McLERNON, RONALD “HUGH, _ Syracuse, | 
Y¥.. (Age 22). Refers to Ww. FP. 
Mitchell, S. D. Sarason. 
~McQUEEN, MILTON, JR... Wash- 
ington, D.C (Age 24). 
Dept. ‘of Agriculture. Bureau of Biological 
Survey. Refers to M. Falco, O. B. French, 
R. Lapham, P. O. Macqueen. 
MM! ABBOTT, LYLE WILLARD, Lincoln, Nebr. 
25). Refers to C. M. Duff, J. 

Kesner, C. E. Mickey. 4 
MADDOX, EDWARD  FINNIN, Corpus 

Christi, Tex. (Age 40). Res. Ener., Texas. 

Highway Dept. _Refers_ Black, G. 

Gilchrist, T. J. Kelly, C. H. Kendall, 
Page, M. C. Welborn, G. G. Wickline. | 

MAIS, ERNEST NOEL, Kingston, Jamaica 
(Age 33). Engr. with Mais & Sant, Engrs. 
Bronstorph, 

J. Simms. 

a caacalionae | See. 1, Art. I, of the By- 

MANGOLD, FREDERICK LOUIS CARL, 

Milwaukee. Wis. (Age 29). Refers to B. 
-Roberts, W. Ulltus. 


-NARIMAN, RUSTUM KAIKHUSHRO, 
of 


Eng. Aide, U. 


J. M. 


(Applies 


“MANN, SN, JOSEPH, Si N. Y. (Age 26). 
~ Constr. Supt., Presscott- White Corporation. 
Refers to B. G. Hooper, C. T. Schwarze. 


Pa. (Age 24). Eng. Asst., Bureau of Eng., 

| Pennsyivania Dept. of Health. Refers to 
J. H. E. Moses, W. L. Steven- 

MARSON, FRANK MILO, New York City 
(Age 23). Refers to E. G. Hooper 
Sehwarze, D. S. Trowbridge. pe, 
MATSEK, og Roselle, N ‘the 22). 
Refers to C. BE. Bardsley, H. Beckman, 
J. B. Butler, E. Carlton, EB. G. Harris. 
MATTHEWS, JAMES FREDERICK, Brook-_ 
lyn, N. (Age Cons. Engr. and 
raiser. Refers to H. K. Endemann, P. P. 
Farley, A. C. Gallagher, A. J. Griffin, F. W. 
Newton, E. Praeger, J. E. Tonnelier, 
White. 

MEADOWS, 
Tex. 


CLAYTON JAMES, Houston, 
(Age 22). Refers to L. B. Ryon, dr. 
Uhrig, W. E. White. | 
MIELE, PHILIP VICTOR, 
(Age 25). Refers 
W. S. Lalonde, 
MINER, HERMAN ERASTUS, Westerly, 
(Age 22). Refers to C. D. Billmyer, 
MITCHEL HARRINGTON CALKINS, 
Wilmette, Ill. (Age 26). _ Refe ‘rs to J. H 
‘Cissel, R. A. Dodge, BE. L. Eriksen, L. M. | 
Gram, W. C. Sadler, J. A. Van den Broek. 


“MITCHELL, HENRY BAGLEY, Winchester, 


‘Mass. (Age 28). 
M. Spofford. 
MONSON, NORE AGATON, Chicago, 
(Age 22). Refers to W. Cc. Huntington, 
MOORE, HILTON HUXLEY, Pequannock 
N. J. (Age 21). _ Refers to H. N. Cummings, 
W. S. LaLonde, Jr. 
MORELAND, OLIVER J AME Ss, Seattle, 
“Wash. (Age 22). Refers to I. L. Collier, 
G. E. Hawthorn, C. C. May, C. C. More, 
G. Tyler. = 
-MORT, LINWOOD: ‘GEORGE, Jewett City, 
— Conn. (Age 23). Refers to E. R. 
R. Lawson, W. W. Rousseau. 
MOSKOW ITZ, HARRY, New York City 
88). Constr. and Maintenance Dept., Loew's 
Ine... and Affiliated Companies. Refers to. 
_§. Negrey, S. Weishoff. 


Park, N. Zz. 
Cummings, 


(Age 21). 
S. LaLonde, 


Refers to H. 


underabad, India (Age 55). Prof. 

Osmania Univ. Refers to J. R. Freeman, 

a. Lippincott, R. Modieski, J. "Todd, 

J. A. L. Waddell, T. R. J. Ward. ie ot 
‘NELSON, LEGRAND, Scarsdale, 
(Age 23). Refers to G. 

NELSON, JOHN GEOFFREY, Ft. Benning, 7 

Ga. (Age 22). Refers to F. R. Car ry, L. W. 
Clark, T. R. Lawson, Ww. Rousseau, 

Lodi, Cal.’ (Age 25) Asst. Hydrographer, | 
es Bay Mun. U tility Dist. Refers to 
Grunsky, Jr., L. 

S: Longwell, BE. L. MacDonald, 
land, F. T. Oakley. 
_NOLTE, CHARLES 
- (Age 46). Executive and Eng. Mer., Robert 

W. Hunt Co., Engrs. Refers to W. Arn, 
R. Harding, BE. T. Howson, D. Me: 
-Naugher, F. M. Randlett, L. E. Ritter, 

OBERMANN, ROBERT FRANK, 

N. J. (Age 25). Refers to H. N. Cummings, 
Ww. Fraleigh, S. LaLonde, Jr., 


Noack. 


S. Hall, F. W. Hanna, | 


to H. Cummings, 


Cary, 


MUTT ERER, WILLI AM E LMAR, Rideefield a 


BUGGE, | 


in. 
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Low, ‘NICKOLAS, Y. (Age 
be ~ Refers to A. C. Alvarez, R. E. Davis, 

. Derleth, Jr., A. A. Eremin, B. = — 


A. E. 


OLANDER, RALPH CARL, ‘Yankton, 8.’ Dak. 
25). Equipment Attendant, American 
Telephone & Telegraph Co. Refers to J. M. 
Brown, E. J. Stocking. 
OLISZEWSKI, CASIMIR, Milwaukee, | Wis. 
(Age 24). Student, Wisconsin Telephone 
Co. Refers to E. D. Roberts, F. W. Ullius. — 
2>ACK, JOHN GEORGE, JR., Bridgeport, 
Conn. (Age 22). Refers to L. W . Clark, 
PAJOT. CLAYTON JAMES JOSEPH, De- | 
troit, Mich. (Age 31). Instructor in 
az, Univ. of Detroit. Refers to A. 
Drabkin, P. A. Fellows, D. P. Gilmore, J. T 
PALLER, BEN, Chicago, Ill. (Age Re- 
fers to H. EB. ‘Babbitt, J. J. Doland, w. Cc. 
PARKER, ARTHUR WILLIAM, Ft. Ss 
i Houston, Tex. (Age 51). Capt., 
Corps, U. S. Army. Refers to E. 
son, R. L. Brandt, S. F. Crecelius, 
Doten, F. Giesecke, Gillette, 8. 
Goodman, Goodrich, G.. Guerdrum, 
H. R. F. Helland, D. Lee, J. T. L. MeNew. 
Rightor, N. Saigh, 
J. F. Woodyard, Jr. 
PARSONS, PAUL GATES, Alhambra, Cal. 
(Age 21): Refers to R. R. Martel, W. W. 
Michael, A. L. Sonderegger, F. Themas. 
- PATTON, MAYNARD ADAMS, Kansas City, 
4 Mo. (Age 22). Refers to W. E. Hart, A. 5 
Hathaway, G. A. Maney, Post. 
- PEARSON, HAROLD MILLER, Richmond, 
Boardman. 
PECK, ROBERT R, Camden, N. J. 
(Age 27). Jun. Engr. and Map Draftsman, 
se Jersey State Highway Dept. Refers 
to F. C. Claus, J. L. Dodge, M. W. Grimes, © 
H. Maier, Packer, R. C. Scott, 
PERRY, PAUL CLUTTER, Little River, 
‘Kans. (Age 22). Refers to L. FE. Conrad, 
Epps, F. | F. Frazier, M. W. 
. Scholer. 


{ 
CARL ANTHONY, Brooklyn, N.Y. 
— (Age 27). Structural Steel Designer, Board 


Ww 


Furr, 


of Transportation. Refers to N. D. Brod- 
J. H. Quimby, | Squire, F. Viola, 


t PICKERING, HAROLD PHILIP, Kincaid, 


Kans. (Age 26). Refers to. BR. Downing, 
R. Dungan, Cc. L. Eckel, E. W - Raeder, 
POLLOCK, 
Wash. ( Age 27). Refers to C. W. Harris, 
EB. Hawthorn, R. G. Tyler, 
ROY WARREN, Fast London, 
South Africa (Age 50). "Che. Engr. and 
toads” Inspector, East London Dist. Coun- 
cil. Refers to H. A. Dunlap, C. N. Forrest, 
E. A. Pratt, N. Shand, 
y POWELL, FAY E DW IN, 
— Canal Zone (Age 46). 
Constr. Q. M., Panama 
H. Burgess, R. C. Jones, J. L. Se hiey, W. 
Sibert, R. E. Spaulding, 
-PREZI 1O0SO, GEORGE SILVIO, Ozone Park, 
(Age 25). Refers to H. R. 
P. Hammond, FE. J. Squire. 


F 


Balboa Heights, | 
Engr. and Asst. 
Canal. 


A. 


»P RINCE, ARCHIBALD VAN B: ADEN, Ww eb- 
Bes Groves, Mo. (Age 38). With Constr. 
43 ‘Dept. Missouri Pacific R. R. Co. Refers te 
‘2 Bock, BE. A. Hadley, J. Lahmer, 
‘L. T. Maenner, A. O. Ridgway, 
4 S. L. Wonson. 
QUAM, ELMER R AYMON D, 
Refers to Le 
Eckel. 


(Age 


ROBERTS, WALTER FRIE DGEN, 


HERBERT WILLIAM, Seattle, 


J. H. Weller, 


Refers to 


c. 8. 


Downing, 


EEDY, | OLIV: ER CALMAR, ‘Denver, Colo. 
32). Refers Evinger, Ww. 
Grant, H. J. Kesner, C. E. Learned, C. E. 
Paien, Reedy. 
REINDOLLAR, ROBERT MASON, Balti- 
more, Md. (Age 38). Asst. Chf. Engr., 
Maryland State Roads Comm. Refers to S. 


- Eekels, J. S. Howard, A. N. Johnson, G. G. 


Kelcey, R. Lacy, V. M. G. Shir 


C. M. Upham. 
-RENTENBACH, THOMA AS JOSEPH, Han- 
~ eock, Mich. (Age 21). Refers to H. B. Pet- 
REUTER, BERNARD VINCENT, Brooklyn, 
(Age 22). Refers to H. 
_mond, E. 2. Squire. 
RICE, CLAUDE HAYES, Dover, N. H. 
. Refers to J. B. Babcock, 34, 
THOMAS MOORE, Gatesville, 
. (Age 2 25). Graduate Student in San. 
. Univ. of North Carolina. Refers to 
Baity, T. F. Hickerson, W. M. Piatt, 
-RIGGIN, ELDRED CARMEAN,  Philadel- 
phia, (Age 22). Refers to Bow: 
man, J. Leonard. 


Ss 


India-_ 
napolis, Ind. (Age 28). Refers to 
denderson, S. C. Hollister, ‘Lommel, 
ROBINSON, GEORGE SY DNOR, Saugerties, 
(Age 22). Refers to L. W Clark, 
J. F. Loughran, w. Michael. 
ROESSER, ROBERT J: AMES, Buffalo, N.. 2. 
(Age 23). Refers to C. EB. 
C. Beckman, J. B. Butler, E. 
ton, E. G. Harris. 
ROGAN, JOHN EDW ARD, New Or- 
leans, (Age 20). ~ Rodman, 24 N. 
Dist., U. S.. River Comm. to D. 
Derickson, W. B. Gregory. 
-ROMANIEL LO, CARMINE JAME S, Water-_ 
“bury, Conn. (Age to L. 
Clark, H. O. Sharp 
ROSCHE, 
28). Refers to = Doland, Ww. Cc. Hunt- 
ington, C. C. Wiley. 
ROSS, HARRY STEGNER, Cincinnati, Ohio 
(Age 24). “Refers to G.. P. Springer, 8. 
Wiley. 


= 


-RUCQUOTI, LEON GUILLAUME, | Brussels, 
Belgium (Age 32). Executive Director, 
Ossature Metallique, Centra belge d'Infor- 
mation de VAcier. Refers to H. K. Bar- 
tows, ‘Frankl land, G. E. J. Pistor, 

Spofford. (Applies in accordance 
Site See. 1, Art. I, of the By- Laws.) Tra 
RUDDER, SAMUEL MILLER,. Webster 
Groves, Mo. (Age 41). Div. Engr., Mis-— 
State ‘Highway Dept. Refers 
Bartholomew, B. L. Brown, A. P. Greens- 
felder, W. A. Heimbuecher, W. W. Horner, 

W. Jablonsky, J. C. Travilla. 

DDY, JOHN, MICHAEL, Richmond Hil, 

NCK, ROY RUDOLPH, New Mo. 

(Age 35). Res. Engr. with Wilbanks & 

Pierce, Inc. Refers to W. H. Holland, 0. V. 

Hough, J. C. H. Lee, H. Ww. Nugent, R. 

J. R. Wilbanks. | 

~SABATELEA, EMIL ALBE , Brooklyn, 
ON, (Age. 22). Refers A. H. Beyer, 

a W. J. Krefeld, R. Wyckoff. 
SALISBURY, LLOYD MOSS, Sue York City 
(Age 43). With _ Constr.  Dept., Equitable 
Life Assurance Soc. Refers to C. B. F 
ris, L. O . Marden, W. H. _ Robinson, e 

7 Simpson, I. R. Smith, R. von Fabrice. 

SANCHEZ, JUAN HERMINIO, Austin, Tex, 
(Age 24). Graduate student, Univ. 
Texas. Refers to N. W. Dougherty, ‘Hz iH. 

Hale 

Toledo, Ohio (Age 22). Refers” K. 
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Allen, G. ‘Champe, c. 8 Fink- SMITH, LEW IS GORDY, ‘Schenectady, N. 
_beiner, C. T. Johnston, H. W. King, (Age 23). Refers to R. A. Hall. J. Mac-— 
donald, H. Miller t, A. Schauifller, 
-SAWTELLE, EGERTON BURP PEE, Ard- Taylor. 
more, Pa. (Age 28). Refers to H. L. Bow- ‘SMITH, ROBERT CHALFIN, Portland, sites 
(Age 21). Refers to N. HERBERT GL EMM, 
Palmer. (Age 22). Refers to R. B. H. Begg, 
Ore. (Age 22). Refers to S. M. P. Dolan, SPANGLER, JOSEPH BROWNE, Houston, 
J. R. Gnmin, H.S. Rogers. Tex. (Age 32). Asst. Engr. United Gas 
SCHMIDT, MILTON ELMER, Minneapolis, System. Refers to J. S. Broyles, R. J. Cum- 
Minn. (Age. 22). to EF. Bass, A. S. ins, V. E. Hamilton, R. C. Stokes 
Cutler, H. M. Hill, 0. M. Leland, G. _C. 8. Watson. 


-_Loughland, J. I. Patel. EDGAR FRENCH, Morgantown, 
SCHOFIELD, LOUIS, Brooklyn, N. Y. (Age 7. Va. (Age 24). Refers to G. B. Boon- 


Refers to H. P. Hammond > we 
SCHULEEN, EMIL PHILIP, Pittsburgh, Pa. SPELLM AN, ROGER DRISCOLL, Carnegie, 
- (Age 34). Asst. Engr, U. S. Engr. Office. Pa. (Age 38). Structural Engr., Rust Eng. 
Refers to N. W. Bowden, A. Davis, H. A. Co. Pittsburgh, Pa. Refers to A. L. Drab- 
Hickman, B. J. Lambert, F. A. Nagler, kin, B. Goldberg, R. P. Johnson, G. F. Pfeif- 


P. A. Perrin, D. L. Yarnell, | fer, P. L. Spanne, H. D. Stockwell, J. A. 
SCOTT, HOMER JUDKINS, Des Moines, Williams. 


Iowa { Age 28) Refers to R. A. Caughey, SP UE. . NLY UL. Mar- 
Dodds, W. L. Foster, A. H. Fuller, 
E. Galligan, R. A. Moyer, L. O. Stewart. ‘harleston, W. Va. _ Refers to T. F. Boltz, 
SCOTT, RODNEY JEROME, Eugene, Ore. M. Dambach, W. Hall, W. 
(Age 34). Refers to 8S. M. P. Dolan, J. R. Alpine, A. H. Wessel. 


7 Grimth, G. W. Holeomb, H. 8. Rogers. | sP -RINGER, JOHN PUGH (formerly Pugh, 

SCOVILL, FRANCIS LEROY, Brooklyn, John Springer), Palo Alto, Cal. (Age 23). 
ON. 4 ‘Age 30). Engr. (Field), Marcus Jun. ‘Structural Engz., Veterans’ Adminis- 
Contr. Co. Refers to A. Diamant, Cc. E. tration. tefers to R. E. Davis, C. Derleth, | 
Fraser, R. E. Goodwin, J. P. Hogan, ¥. 0. oor. F. S. Foote, C. G. Hyde, B. Jameyson. — 7 
2 McLoughlin, F. W. Stiefel. STANIUNAS, JOHN FRANCIS, Hudson, 

SEABROOK, CHARLES ‘cou (Age 23). . Refers to L. W.«. Clark, 


3ridgeton, J. (Age 23). Salesman, 
Kosters & Co., " Nurserymen. “Refers to S. A STIFLER, FELIX ROYSTON, Bel Air, Md. 
Becker, M. O. Fuller, F. C. SE)... Foreman of Maintenance, U. 
Uhler, 'W. L. W ilson. Govt., War Dept. Refers to F. W. Albert, 
SEARS, ABRAM FUNK, ‘Atkinson, HE. ‘(Age H. Hartman, G. J. Requardt, J. A. White, 
22). Refers to H. Cross, T. C. Shedd. B. Whitman. 
-SEGHERS, GUY JOSEPH. New Orleans, La. STILLMAN, ELI HARRY, New York City 
(Age 34). Member, of firm, Ricketts- (Age 34). and Estimator, Loew's 
Seghers & Dibdin, Civ. Engrs. and Sur- Theatres. Refers to S. L. Becker, A. J. - 
veyors. Refers to A. M. N. Blamphin, J. F. Bernstein, HH. Cash, M. L. Kaufman, S. 
Coleman, J. Kilorer, ‘S. Lewis, 4 S. Weishoff. 
sen, F. Theard. LBERG, JOHN GER. ALD Ancon, 
‘SHOEM: AKER, THEODORE Portland, Ore. Canal Zone, Panama (Age 30). With Ray-— 
(Age 82). Pres., Northwest’ Roads Co. Re- mond Concrete Pile Co. ‘Refers. to 
fers to T. KR. Age, W. C. Caye, - Collins, R. A. Me Menimen, W. MeMeni- 

Gladding, C. R. Gow, R. G. Hicklin, W. men, J. Stubbins, E. Weatherlow. 
Kackley, B. P. McWhorter. STOE FFEL, WILLIAM HENRY,  JR., 
SHOWELL, CARTER SEDDON Salt Lake “Bronx, (Age 26). With Board of 
City, —. (Age 27). Refers to G. M. Transportation, New York City. Refers to 
Bacon, R. K. Brown, ” B. Ketchum, F. H. Cc. F. Dykeman, L. E. Robbe, P. Sander, 
Scott, J. M. C. van Hulsteyn. 
SILLIMAN, JULIAN WIN THROP, STOOL E, SAMUEL, Denver, Colo. (Age 
Cal. (Age 23). Gr student, Refers to C. L. Eckel, E. W. Raeder. 


T. R. Lawson. 


| Stanford Univ. Refers to B. A. Eteheverry, _ STOUTENBERG, JOHN HENRY. Brooklyn, 
F. H. Fowler, E. L. Grant, L. B. Reynolds, N. Y. (Age 20). Refers to T. R. ‘Lawson, 
wes, CB Wing “Sie 
SIMS, JOHN PETER, New Boston, Pa. (Age STRONG, JAMES HENRY, Cristobal, Canal 
"Refers to H. B. Shattuck, Zone (Age 36). Asst. Structural. ‘Enegr., 
Walker. leet Air Base, Solo, Canal Zone. Re- 
SKIDMORE, | CLAIDE FERMAN, West Mans- fers to I. L. Collier, C.’ H. Cotter, 
field, Ohio (Age 22). Refers to G. H. Elbin, More, B. Moreell, A. Parent. @ 
‘STROYAN, ROBERT, Milford, Pa. (Age 21). 
SMITH, ALB ERT VERNON, St. Louis, Mo. Refers to H. K. ‘Kistler, BE. D. Walker. 
(Age 22). ~ Refers to C. E. S. Bardsley, SUTHERLAND, DONALD © CLARENCE, | 
H. C. Beckman, J. B. Butler, E. W. Carlton, _ ‘Trinidad, Colo. (Age 22). Refers to R. L. | 
SMITH, FREDERICK AN Le W. Clark, = JESTE mit 
ON. Y. (Age 20). Refers to L V Clark, ge 22) Re: fers BE. R ary 
SMITH, HERBERT EDW ARD, <lyn, ‘SWIATL OWSKI, JOSEPH 
Y¥. (Age 22). Engr. Asst., Board of Rivers, Mass. 23). Refers to D. C. 
J. S. Peck, J. SWIECH, PAUL CH:/ ARLES, Carnegie, Pa. 
Rathbun. 24). Refers to J. Bvans, F. M. 
SMITH, JACK KERMIT, Higginsville, Mo. McCullough, C. B. Stanton, H. A. “Thomas. : 
(Age 92). Refers to R. THOM. AS, ROBERT SCOFIELD, Oakland, 
Snow. Cal. (Age 22). Jun. Engr., U. S. Bureau 
SMITH, | JESS ANDERS, Woodrow, Colo. Reclamation, Oakland, Cal. Refers to 
(Age 22). Refers to R. Downing, E. Davis, Grant, C. Moser, G. E. 
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THOMPSON, GLEN M IAXWELL, Lamoille, WERNER, WILLIAM MURRAY, hreve- 
“Nev. (Age 21). With Water Commr., —_ port, La. (Age 37). W. Murray Werner, 
- Winnemucca, Nev. Rexers to F. L. Bixby, Py eo and Constr. Refers to C. D. Evans, 
P. Boardman. Freeman, S. E. Huey, E. S. Hunting- 
8D, Caldwell, N. 4 go >. Refers to 4 WESTERBERG, | TORGNY JOEL, Chicago, | 
G. Payrow, L. Stuart, C. H. Ill (Age 22). Refers to T. L. Condron, 
land. W. Hand, W. M. Kinney, G. L. Opper, 
‘TIFFANY, JOSEPH BENJAMIN, Kan- FB. Seifried. 
sas City, Mo. (Age 23). Refers to J. 8. WESTERFELD, STUART CLARENCE, 
Crandell, J. J. Doland. W. C. Huntington, innetka, Ill. (Age 23). Refers to J. B. 
-M. S. Ketchum, T. C, Shedd. 4 ‘Babcock, 3d, C. B. Breed, C. M. Spofford. 
KAPETON, Harri- Ww HITE, HARRY EDWIN, Penrose, 
N. J. (Age 41). Graduate — ‘student, (Age 27). Refers to C. H. Bryson, w. Cc. 


N. Le ndall, F. _F. Longley WHITE, HOWARD LESLIE, Terre Haute, 
Schwarze, D. S. Trowbridge. *_ (Age 30). Refers to J. T. Hallett, 
TRINCHIE RI, ALFREDO CARLO, Panama R. E. Hutchins, R. L. “McCormick. eds 
‘Structural Engr. WHITSIT, LAWRENCE COUSINS, High- 
Villanueva y Tejeira, Archts., Engrs. and land Park, Mich. (Age 21). Refers to A. J. 
Contrs. Refers to H. Arango, L. Arose- Decker, W. C. Hoad, R. H. 

(Age 25}. County Engr., Wharton County. brecht, E. L. Knebes, J. P. Schwada, M. W. 
to G. Gilchrist, Gustafson, ‘Torkelson, F. Van Liagan. 
od. MeNew, J. M. Nagle, Richey, ILSON, ARL FETZE R, 3 


P. Rollins, T. B. Warden, G. Wick- 
line, M E. W (Age 21). Refers to H. N. "Cumming s, W. 


UKER, VERNE WALTE R, St. Louis, Mo. _LaLonde, Jr. 


a (Age 82). __Asst. Eng. Megr., Sales-F ng. 

Dept., Shell Petroleum C orporation Refern 

‘oat’ i H. WILSON, WARREN ELVIN, N.Y. 
URBANTKE, ARVIN | HUGO, Houston, 


(Age 24). Graduate student, Cornell 
Tex. 22). — M. Howe, A. J. 


— to Ss. Blank, _ Jensen, E. 


U ’ Brooklyn, 2 “(Age 
Ww. Clark, H. 0. 


(Age 22 Marte aly 
VOGEL, HERBERT DAVIS,. Vicksburg, I. (Age 23). Refers = Billmyer, 
“Miss. (Age 31). Asst. to Pres., Mississippi Murray. 
River Comm. Refers to C. Derleth, Jr., we ag NG, ALBERT M. ARLV: IN, “Rapid City, 
W. B. Gregory, C. G. Hyde, T. H. Jackson, _ “Dak. (Age 29). Instrumentman, Pen- 
F. A. Nagler, P. S. Reinecke, C. H. West. “nington County Highway Dept. _ Refers to © 
-WAHLBORG, ROBERTI LAWRENCE, Seat- E. D. Dake, J. H. Lake. 
tle, Wash (Age 21). Refers to C W. Har-. YOUNG, CHARLES FREDERICK, Quincy, 
ris, C. C. More, R. G. Tyler. j= as (Age 43). Refers to R. L. Bannerman, 
WARD, CHARLES ELVERTON, Great Neck, © & P. Boyd, W. M. Jarvis, H. J. Morrison, 
N. Y. (Age 22). Refers to E. N. Burrows, | E. Wheat, H. Worley, Jr. — 
J. E. Perry, P. H. Underwood.  GARRED FRANCIS, Hew York 
WARNECKE, ROBERT IRVING, Brooklyn, _—_City (Age 36). Refers to EB. Anderberg, 
“S > (Age 23). Refers to BE. R. Cary, OR« R. Benedict, R. M. Hodges, P. H. Lover- 
RL Lawson, W. Rousseau, H. 0! ing, W. F. S. Root, B. L. Weiner. 
Ww EDDINGTON, - CHARLES FOREMAN, _ Tex. (Age 28). City Engr. Refers to C. M. 
Refugio. Tex. (Age 25). Office Engr., 3lucher, S. W. Freese, J. B. Hawley, H. R. 
State Highway Dept. ‘Refers to Helland, C. J. Howard, M. C. Nichols, 


ASHLEY, WELLS HINE, Assoc. M., Chicago, Fabricators and Engrs. Refers to R. 
Ill. Nlected Nov. 15. 1926) (Age 36). Bellows, E. L. Durkee, F. H. Finch, 
and First Asst. to Engr. of Fowler, W. H. Frick, F. Kubitz, 
Sewer Design, San. Dist. of Chicago.  Re- 
fers to F. A. Barnes, O. L. Eltinge, W. L. CLARKSON, EDWARD HALE, JR., site. 
Walker, L. C. W hittemore. 1927. ) (Age 38). Jun. Civ. Engr... 
BOWEER, EDMOND WESLEY, Assoc. M., of Eng., Los Angeles, Cal. Refers to We 
N. H. (Elected Oct. 21. 1924. M. Butler, 3. H. Chace, J..D. 


(Age 40). Prof. and Head, Civ. Eng. Dept., Faulkner, J. J. Jessup, H. 8. Kleinschmidt, 

- ‘Univ. of New Hampshire. Refers to J. B. W. T. Knowlton, R. A. Skinner, G. S. 
Babcock, 3d, H. K. Barrows, C. B. Breed, Tapley, A. P. von Deesten. 
G. L. Hosmer, J. H. Kimball, G. E. Russell, _ COTTER, CARL HENRY, Assoc. M. ‘pele 
M. Spofford. ash. (Elected Junior Nov. 28, 1916; 
BROWN, MORRIS, Assoc. M., Pittsburgh, Assoc. M. Feb. 25, 1924.) (Age 40). Lieut. 
Pa.  (Blected Jan. 19, 1920.) (Age 46). Commander, Civ. Eng. Corps, U. S. Navy. 
Keystone Eng. Co., Structural Steel Refers to W. H. Allen, G. ‘Burrell, BH. R. 
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Parsons, N. M. Smith, Way, WwW. 
COVERT, NEWELL SERINE, Assoc. M., 
Cold Spring, (Elected July 1927.) 
(Age 41). Asst. Engr., Transit Comm. 
Refers to H. J. Alexander, H. Heins, W. com 
sancaster, R. ‘Ridgway, R. We eaver, 
Whitney. 
‘DAVIS, CALV IN VICTOR, Assoc. M. , New 
City. (Elected Dee. 14, 1925. (Age 
85). -Chf. Designer, Ambursen Constr. 
‘Ine. Refers to BE. H. Burroughs, Jr., M. N. 

Bo a M. D. Kolyn, H. M. Nabstedt, F. A. 
Noetzli, S. W. Stewart, C. P. Williams. 
 FAHRNEY, PAUL LANIER, Assoc San 

Francisco, Cal. (Elected Aug. 6-58, 
(ase Gen. Sales Ms; gy in 

Bitumuls Co. Refers to lL. P » Campbell, 
+R. D. Hoyt, C. D. Jones, C. L. McKesson, 

RIM. Morton, A. BR. Norcross. 
_IVANCHENKO, ANDREI IVANOVICH, As- 
M., Novocherkassk-Don, U. S. 

7 (Elected Oct. 10, 1927.) (Age 42). Asst. 
Prof. in Hydraulics, Don Polytechnic Inst. 

Refers to B. A. Bakhmeteff, J. B. Egiaza- 
roff, N. C. Grover, R. E. Horton, AS 

‘Karpov, J. 
JOYCE, W: ALTER EDWARD, Assoc. 
Kingston, N. Y. (Elected June 24, 1914.) 
(Age 44). Pres. and Chf. Engr., W. E. 
Joyce Co., Inc. Refers to H. C. Baird, M. B. 
Case, W. G. Grove, H. D. Robinson, D. B. 

Steinman, J. C. K. Stuart, G. B. Woodruff. _ 
MeLOUGHLIN FREDERIC OZ AN AM 
| XAVIER, Assoc. M., New York City. 

(Elected Junior April "4. 1914; Assoc. M. 

April 19, 1920.) (Age 44). Associate P rof., 

of Civ. Eng., Coll. “of City of New Y ork. 

Refers to A. H. Blanchard, I. Van A. Huie, 
H. T. Immerman, R. Ridgway, O. Singstad, 

J. R. Slattery, D. B. Steinman, L. White. 

_McPHE RSON, ALBERT MORTIMER, Assoc. 
M:, Wichita Falls, (Blected Jan. 14, 
1918.) (Age 48). Cons. Engr. Refers to 
W. M. Eliot, O. A. Faris, O. N. Floyd, B. B.. 
Hodgman, J. L. Lochridge. M. C. Nichols, 

Potts, W. H. Prentice, Jr., R. A. 
Thompson, F. M. Veatch, N. T. Ve atch, or... 

DONALD CU RTIS, Assoc. Ann 
Arbor, Mich. (Elected Junior May 6, 1914; 
Assoc. M. Jan. 14, 1918.) (Age 43). Mem- 
ber of firm, Ayres, Lewis, Norris & May, | 
Civ.. Hydr. and Elee. Engrs. Refers to 
L. BE. Ayres, G. H. Fenkell, L. M. Gram, 
*. T. Johnston, H. W. King, H. E. Riggs, 

MOORE, FRED “LAWRENCE, Assoc. M., 
East Orange, N. J. (Elected Dee. 4, 1922.) 
Age 39). With C. B. Comstock, Engr. and 


ANDERSON, MARSHALL 
_ Oxford, Ala. (Elected Feb. 25, 1924.) 
- $2). Refers to L. V. Branch, K. A. Farrell a 
C. Polk, C. D. Riddle, R. B. Shepard, Jr., 
L. G. Warren, S. H. Woodard. | 
ANDERSON, WILL: ARD ARON, 
ington, D. C. (Elected Oct. 1, 1928.) (Age 


82). Asst. Maintenance E ngr., Govt. Print-— 
‘ing Office. Refers to W. S. Anderson, J. WwW. 
Dunham, R. G. Focht, F. C. Hilder, A. W.. 
ANDREWS, ALFRED STOKES, 
wood, Ohio. Dec. 3, 
29). ” Dist. Engr., S. Fidelity & Guaranty 

Refers to L. OL Bobeau, W. 

. E. Duff, Jr., C. G. Dunnells, R. 
Dowell, A M. Quick, R. K. Mamet, 
BAKER, ARVID HARRY, Jun., Belleville, 
J. (Elected Nov. 12, 1928.) (Age 29). 
_ Asst. Engr., Research and Tests Sec., De- 


Jun., Lake- 
1928. y (Age 


128, 


< 


City. to E.R. 
H. 
F. Reeves, 


Archt., New York) 
Bear, om D. Curtiss, J. W. Ferguson, 
Paddock, H. H. Pitcairn, 
J. C. Riedel. 
NEFF, NAT HARRY, Assoc. M., pe Ana, ; 
Cal. (Elected Dee. 14. 1925.) (Age 44). 
County Engr., Orange County, Cal. Refers 
to P. Bailey, S. V. Cortelyou, W. W. Hoy, 
J. B. Lippincott, C. A. Smith, A. L. | ‘Bon- 
deregger, C. R. Sumner. _ 
PROUTY, WINFRED LAFAYETTE, 
M., Denver, Colo. (Elected June 1, 1925.) 7 
“(Age 42).’ Prouty Bros. Rng. Co. , Cons. 


Engrs. and Industrial Appraisal Co., Valua- 
tion Engrs. ‘<a to G. M. Bull, ae 
Crocker, Eckel, B. Freeman, 
-Lightburn. 
PUGSLEY, EDMOND FOLSOM, 
Seattle, ,Wash. (Elected Dec. 14, 
(Age 48). Hydr. Engr. Refers to J. M. i 
Gilman, L. M. Holt, Jacobs, J. Lytel, 
RINGWOOD, THOMAS EDWARD, Assoc. | 
Montauk, N. Y. (Elected Oct. 1, 1928.) 
(Age 37). Chf. Engr. Montauk Beach De- 
-Yelopment ‘Corporation. Refers to R. 
Betts, F. J. Biele, B. A. Bowman, W. N. 
Brown, Miller, L. V. Morris, J. Ww. Rip- 
ley, A. A. Robbins, D. B. Steinman. = 
SCOTT, | WARREN JOSE PH, Assoc. _M., 
Hartford, Come, June 1, 1925 
(Age 36). Chf. Engr., Connecticut State 
Dept. of Health. Refers to H. R. Buck, © 
M. Fisher, X. H. Goodnough, R. H. Sut- 
tie, A. D. Weston. 
 STANSEL, HORACE SYLVAN, Agsoe. M., 
_Ruleville, Miss. (Elected July 6, 1920.) 
43). Civ. Engr. Refers 2. 
_ Allen, , H. B. Bushnell, J. H. Dorroh, W. E. 
Elam, D. M. Forester, T. G. Gladney, L. L. 
-Hidinger, L. W. Mashburn, R. F. Rudolph, 
TORKELSON, FRANCIS ARTHUR, Assoc. 
auwatosa, Wis. (Elected Feb. 24, 
1931.) (Age 45). City Engr. Refers to 
J. T. Donaghey, L. M. Ham- 
mond, F. Nagler, C. Rollman, C. S. Whit- 
TRI ANA, JORGE, Assoc. Bogota, Co- 
lombia. ” (Elected Junior ik. 
Assoc. M. July 6, 1925.) (Age 38). Prof. 
of Highway and R. R. Eng., Natienal Univ. 
tefers to F. Andrade, P. E. Caicedo, J. 
Fajardo, J. Pena Polo, P. Uribe Gauguin, 
G. Uribe H. i 
VAN den BROEK, JOHN ABRAM, Assoc. 
_M., Ann Arbor, Mich. (Elected Oct. 9, 1917.) 
(Age 47). Prof. in Eng. Mechanics, Univ. 
of Refers to R. A. Dodge, BE. L. 
Eriksen, M. Goodrich, WwW. Hoad, Ww. 
King. 


FROM TI THE GRADE OF 


PATTON, Jun. 
Age 


sign Div. The Port of New York Authority. 7 
Refers to L. W. Clark, A. Dana, W. C. 
Huntington, R. Joh ston, Lawson, 
H. D. Robinson, D. B. Steinman. we. 
‘BEL OUSE K, FR: ANK | ANTONE, 
Serres, Greece. (E lected Nov. 12, 192 
Age 30). Div. Engr., John Monks & Sons, 
Ulen & Co. Refers 
Ww. Gausmann, F. Hitchcock, 
Keays, M. R. Keefe. 
COOK, RUDOLPH, Jun., 
(Elected Oct. 10, 1927.) | (Age 29). Enegr.- 
Inspector, City "Aqueduct Board of 
Water Supply. Refers to R. Armstrong, 
Ww. D. Kramer, J. S. MacDonald, M. Ma- 
-guire. B. Marcus, C. L. Spaulding. 
CORNELL, ARTHUR LELAND, Jun., 
Milwaukee, Wis. (Blected Aug. 29, 1927.) 
cS 32). Sales Engr.. American Bitumuls 


Jun., 


to 


Co., San Francisco, Cal. _ Refers to O. B. 
Bestor, B. L. Crenshaw, J. J. Gantt, C. Ww. 
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J. Higgs, Jr. C. L. King, Cc. A Mer., Mare Endlitz & Son. Refers to F. A. 
Knowles, H. E. Michaud, D. Ulrich, H. A. Barnes, F. A. Ciampa, Ww. 
Underwood. Larsen, G. H. Pegram, L. C. “Urquhart, 


CRENSHAW, ALLEN EHLERS, Jun., San Walker, D. T. ebster. 
‘Francisco, Cal. (Elected June 4, 1928.) ‘MOSELEY, HARRY HEBER, 


(Age 32). Refers to H. S. Bonte, W. H. land, Ohio. (Elected Nov. 12, 1928. > (Age 
Kirkbride, G A. Posey, J. L. Stacer, Lew Wee .. 28). Asst. Civ. Engr. with George B. Gas- 
Stocker, J. O. Wanzer. © 7) ae coigne. Refers to A. A. Burger, I. N. Clover, 
‘DAVIS, Paris, B. Gascoigne, L. Havens, C. T. Mor: 
Tex. (Elected July 16, 1928.) (Age 28). ris, J. C. Prior, F. C. Tolle. 
Asst. Div. Engr., Texas 2 PARISI, FR ANCIS GENEROUS, Jun., New 
Dept. "Refers to J. H. Brillhart, J. A. York City. (Elected June 7, 1926.) (Age 
Focht, W. A. French, H. S. Kerr, J. Cons. Engr., H. W. Benson, Associates. 
-MeNew, J. E. Pirie, J. J. Richey. Refers to C. A.’ Garfield, R. 


‘EICHLER, PHILIP HENRY, A. G. Hayden, L. G. Holleran, F. O 
Hempstead, N. (Elected Oct. 12, 1925.) McLoughlin, 


(Age 32). ae Goldberger Raabin Co., PATTON, DAVID HAMMOND, Jun., New | 7 
Subway Contrs. Refers to J. Alexander, 4 Orleans, "La. (Elected Nov. 14, 1927.) (Age 

E. Bierschenk, H. K. Endemann, C. 82). Dist. Sales Representative, 
‘Hunt, “Powell, S. ac Mansville Sales Corporation. Refers to 


Conahey, L. WwW. Greene, H. M. Lathrop, 


_Serber. 
FINKE, RALPH Olympia, W. C. Mundt, H. L. Rozers, H. E. Van Ness 


Wash. . (Blected March 14, 1927.) (Age 
30). Bridge Designer, Dept. “Highways,’ 
(State of Washington. Refers to O. R. (2 
well, W. R. Engstrom, J. Jacobs, C. C. aa. —s to J. H. Dowling, J. A. Ham- © 


More, R. M. eee A. M. Truesdell, M.S. mack, J. Long, J. R. Slade, F. C. Snow. 
Woodin. SHERMAN, EDWARD PRESSLEY, Jun., 
FITCH, JOHN ‘DOUGLASS, Jun. Aurora Ft. Thomas, Ky. (Elected July 12, 1926.) 
Hills, Va. (Elected March 15, 1926. ) (Age (Age 32). Engr. and Salesman, Jones & 
28) . Asst. Engr., Chas. B. Hawley Eng. - Laughlin Steel Co., Cincinnati, Ohio. Re-- 
7 wy oe Refers to H. K. Barrows, _ fers to E. ne R. O’Donnell, J. E. Root, 
A. C. Giesecke, F. M. Gunby, C. B. Hawley, B. Shattuck, 
L. M. Pharis, C. M. Spofford, Uni, SPURR, OME LYON, Jun., Enfield, 
Walser. Mass. (Elected Oct. 10, 1927. ) (Age 27). 
FOWLE, ROYAL EDGAR, Wat! Engr., Metropolitan Dist. Water Sup-_ 
Cal. (Elected July 14, ply Comm. Refers to N. L._ Hammond, 
. With Granite Rock Co. Refers H. H. Hatch, K. R. Kennison, WwW. W. Pea- 
L. Anderson, S. A. Chapman, F. F. E. Winsor. 
verse, W. W. Michael, F. Thomas. STAFFORD, JUL TAN TA ATE, Berke- 
GORDON, BENNETT, TAYLOR, Jun. .» Chi- ley, Cal. (B lected Dec. 14. 1925.) (Age 31). 
cago, (Elected June 10, 1925.) Engr. with Henry D. Dewell, 
; 30). Designer, Strauss Eng. Corporation. Cons. Engr. Refers to E. L. Cope, R. > 
Refers to J. C.’ Adams, C. H. Clarehan, Jr., ‘Davis, H. D. Dewell, M. 


RIVIERE, JAMES ANDREW, Jun. .» Calla- 
Fila. (Elected Oct. 1, 1926.) (Age 
Project Engr.. Florida State Road 


R. 8S. Eyre, C. E. Paine, R. S. Quick, Schorer. 


HUNNICUTT, JAMES ‘MADISON, Jun. York City. (Blected July 16, 1928.) 
Charlotte, N (Blected Aug 29, 1927) (Age 382). Topographical Draftsman, Bor- 
30). Engr., Virginia Bridge & of Richmond. Refers to S. C. Gordon, 
_ Tron Co. Refers to C.: A. Baughman, P. A.  G. L. Lueas, C. M. Madden, T. B. _ Oakley, 
Blackwell, é. A. €.. Callan, W. Hum- V. H. Reichelt, N. T. F. Stadtfeld. 
_phreys, E. S. STR! AUS, HERMAN LOUIS, Jun., Chicago, 
A. R. Peyton. ‘(Elected Oct. 21, 1924.) (Age 32). 
JARRETT, JAMES Ta-. With Chicago Bridge & Iron Works. Re 
a ayette, Ga. (Elected July 16, 1928.) (Age fers to H. C. Boardman, W. J. Carrel, G. T. 
98). Special San Engr., U. S. Public Health W. A. Newman, C. 8. Pillsbury, 
Service. “Refers to H. G. Baity, M. Knowles, D. V. Terrell, M. J. Trees. _ 
L. Mann, H. E. Miller, C. W. Smedberg, GERALD QU INCY, Jun. Berke- 
Tucker, S. Whitener. ley Cal "(B lected June 6, 1927. (Age 
«K AROLAK, ALPHONSE, Jun., West Cox- 28). Ener., Standard Oil” of California. 
ickie, N. Y. (Elected Oct. 10, 1927.) ( Age Refers to C. Derleth M. Eva ns, 
32). Asst. Engr., Grade State =H. H. Hall, L. F. Krusi, J. B. Wells, 
Dept. of Public Works, Albany, N. Y. Re- 
- fers to T. T. Davey, F. E. Foss, H. Gr rand, — THOMAS, MARK EVERETT, Jun., San Jose, 
z Holmes, G. Morrison, H. 0. Schermer-_ Cal. (Elected Oct. 1, 1926.) (Age 27). 
= horn, W. M. Stieve. J. P. J. Williams. Civ. " Ener. and Surveyor. Refers to M. T. 
KELLBERG, FREDERICK WILLIAM, Jun., Antonacci, S. ‘Chapman, Cc. B. Goodwin, 
; Oakland, Cal. (Elected Oct. 10, 1927. y (hes C. M. Kerr, 8. P . Laverty, C. Moser, L. B. - 
82). Structural Engr., San Francisco, Reynolds. 
tefers to G. J. Calder, M. C. Couchot, L. "THOMPSON, SOPHUS ‘Jun., Dalias, ‘Tex. 
Jennings, V. R. Sandner, F. H. ‘Spitzer, (Elected July 15, 192 39.) (Age 30). As- 
F. D. Talbot, K. Theill. sociate Prof. of Civ. Eng., Southern Metho- 
LAND, RICHARD IRV ING, Jun.. Mamaro- . dist Univ. Refers to L. H. Dodd, T. C. 
neck,” N. Y. (Elected June 6, 1927.) (Age — Forrest. Jr., T. G. MacCarthy, W. H. Meier, | 


SA The Board of Direction will consider the applications in this lis 
than thirty days after | the date of issue. 
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Y OF VIL 


OFFICERS FOR 1932 


Term 1934; Term expires January, 1935: 


Term: expires Januar. 1938; 
HARLES A. MEAD E. RIGGS 
GREGORY 


DON A. MacCREA 
ALLAN T. DUSE NBU K. MORSE 2 
H. STEVENS HENRY, R. BU cK 
FRANKLIN THOMAS | C. HERRMANN 
OLE SINGSTAD H. D. MENDENHALL 

JOHN R. SLATTERY HOLLERAN | ENGER 


PAST-PRESIDENTS 


gah 


ASSISTANT SECRETARY 


_ SEORETAR 


HERBERT 8. ESTE 

CHARLES A. MEAD J. F. 


ANCIS LEE STUART 
AT 


hee 


PROFESSIONAL CONDUCT 


«JOHN R. SLATTERY ANKLIN THOMAS 
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RICAN SOCIE CIV ENGINEER: 


We 


nce 
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FALL MEETING 


iy 
Morning. san Division Sessions. 


to Philadelphia, Peis ; Luncheon Inspection of Pennsyl- 
Vania Railroad Improvements and Other Points of Interest. 


The Reading Sui of the Society is open from 9: :00 a. M. ee 5:00 ‘ihe 


on Saturdays at 12:00 Me 
A 


Member, particularly those from out of town, are cordially invited to use this room ee 


he | room is well 1 veri with writi 
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atest technical books, and t periodicals, the 


